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The  purpose  of  this  report  is  to  consolidate,  preserve,  and  disseminate 
research  performed  Toy  Cadets  and  Faculty  of  the  Department  of  Engineering, 
United  States  Military  Academy,  on  the  McClintic  Theater  Model  (MTM)  and  the 
Joint  Theater  Level  Simulation  (JTLS).  This  research  was  initiated  at  the 
request  of,  and  partially  sponsored  hy,  the  Army  War  College.  The  basic  paper 
in  this  report  is  a  chronology  and  summary  of  the  research  performed.  At  the 
appendices  are  individual  reports  of  separate  research  efforts.  These  reports 
are  internal  progress  reports  which  cure  presented  as  received  from  the 
original  authors. 
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AISTtACT 

Tho  McCllntle  Theater  Modal  (MTM)  la  •  largo  oca  la,  analy¬ 
tic  and  stochastic  simulation,  computer  assisted  tbaatar  level 
combat  nodal,  jhs  nodal  boo  two  major  uoas  at  tho  United  Statas 
Military  Academy  ip  (vSRk) 'as  an  educational  and  a  raaaarcb  tool 
for  eadats  and  faculty.  Is  tbs  operations  rasosrch  currlculan, 
tho  eadats  study  MIM's  application  of  oparotlons  raaaarcb  tech¬ 
niques.  Thaos  tachnlqosa  ars  aggregated  Into  a  throa  day  ex- 
tsnded  laboratory  asarclaa  In  conbot  modeling.  Several  eadats 
bass  perfornad  Individual  raaaarcb  projects  on  the  atructura  and 
paranatrlc  behavior  of  tbs  conbat  attrition  subroutine  in  tbs 
nodal,  future  cadat  raaaarcb  will  focus  on  paranatrlc  analysis 
of  at  bar  subroutines  and  on  applying  slallar  notbodology  to  tbs 
Joint  Tbaatar  Laval  Simulation  (JTLS)  nodal.  Officers  of  the 
faculty  ara  Involved  In  a  research  project  to  validate  the 
structure  and  input  values  of  HIM  and  JTLS.  This  research  Is  a 
unique  effort  to  validate  a  large  scale  conbat  nodal  In  both  tbs 
analytic  and  the  military  history  arenas.  This  paper  discusses 


cadat  and  faculty  raaaarcb  In  detail  to  Include  overall  sebane 
of  raaaarcb  and  emerging  results,  ^*lrtor  A 

_  _ 


-UffMMfiTIM 


The  decode  of  the  1980 'a  bos  boon  narked  by  rapidly  developing  and  geographically  di¬ 
verse  crises.  In  response,  tbs  Dspartnonts  of  Defense  and  the  Army  perceived  a  need  for 
a  large  seals  conbat  nodal  which  could  quickly  provide  battlefield  simulation  results  to 
assist  in  tbs  analysis  of  contingency  plane.  An  additional  requirement  was  rapid  con¬ 
figuration  of  model  parameters  sod  dots  boss  to  facilitate  simulation  of  conbat  at  vary¬ 
ing  levels,  against  varying  opponents,  throughout  the  globe.  The  majority  of  existing 
conbat  mode la  ars  high  resolution,  that  is  requiring  detailed  data  on  Individual  weapon 
system  performance  and  terrain.  The  McCllntle  Thostor  Modal  (HIM)  was  designed  to  over- 
cons  the  detailed  data  requlranents,  and  resultant  preparation  tine,  of  existing  combat 
node  la. 


MTM  la  a  hybrid  analytlc/slnulatlon/wargane  conbat  nodal.  As  such,  certain  conbat 
functions  ars  daplctod  by  nathanatlcal  equations  (analytic)  such  os  combat  attrition 
which  is  nodalod  by  differential  Lsnchsstsr  Equations.  Other  combs t  functions  ore  re¬ 
presented  by  stochastic  simulation  utilising  pauado-randon  nunbsr  generation.  Tbs  op¬ 
posing  decision  makers  and  their  staffs  ars  afforded  active  participation  in  the  conduct 
of  tbs  conflict  through  normal  staff  actions  and  decision  making.  This  Interactive 
feature  of  MTM  renders  It  s  war gams.  Bancs  tbs  term  hybrid  combat  nodal. 


HIM  was  designed  by  Mr.  Trod  McCllntle  at  tbs  Amy  War  Collage  (ABC)  in  1980.  Tbs  In¬ 
itial  objectives  for  development  of  tho  nodal  ware  to  enhance  tbs  AHC  warganlng  curricu¬ 
lum  and  to  aaslst  with  tho  AHC  Tactical  Command  ksadlness  fro gras.  This  program  pro¬ 
vides  a  basis  for  evaluating  and  nodlfylng  commanders '  strategy  and  tactics  through  an¬ 
alysis  of  combat  simulation  results.  Additionally,  KIM  found  early  use  In  the  Any 
Chief  of  Staff 's  Contingency  Planning  Seminar  In  Bovambar  1980.  81nc.i  that  tina  MTM  has 
been  utilised  by  aunsrous  Department  of  Defense  analytical  agendas  and  operational  con- 
nands  Including  tbs  Joint  Chiefs  of  Staff,  European  Coanand  and  Its  subordinate  commands 
la  Europe,  Sighth  O.S.  Amy  In  lores,  and  Central  Coaawnd  (the  tepid  Daployannt  force) 
la  the  O.S.  Interest  In  KIM  Is  so  Intense  that  a  contract  Is  in  progress  with  Jet  Pro¬ 
pulsion  laboratory  to  iapreva  on  tbs  KIM  notbodology  In  a  new  nodal  entitled  Joint 
Theater  Laval  Simulation  (JTLS). 
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II  mm  at  MW  M  M  iMlrtlc  Hi  MmiHimI  tMl  ir|«al«l.  tha  war  marialtp  kMM 
IiutmuI  u  (ha  wllllt;  ef  (ha  dial  W  lta  htikM.  tha  ht|at  amt  mam a  htilM 
larabaea  la  JTU  hae  tanrm~f  imtereat  la  dial  «UUc;.  Wa  d*y»w  at  thla  paper  la 
M  4a call  Tlat  efferta  ta  aaalaata  aal  aalllata  MW  amt  JTU. 

S.  MOBIL  HMURIM 

(thla  hiirlytld  la  baeal  aa  before ace  I). 


IHEATEI  COMMANDER'S  INTERFACE 
NilN  MIS  FUNCTIONAL  SYSTEMS 


tha  MW  warn  leeelepel  arammt  (ha  Uagraa  ahaaa  la  rt|»tt  I  -  Thaatar  Cn— alar'a  la- 
terfeea.  Vigare  1  Maple ta  tha  Thaatar  Caaaealer'e  (a  thaatar  la  a  larga  battle  araa 
aoah  aa  tha  caaflaaar  at  larepe)  la  tarfaea  with  tha  available  faactlaaal  battlaflaU 
ape tear.  tha  ltcae  elralel  la  Plgare  1  ate  dhlil  la  MW.  Iheea  aat  circle!  an  aat 
pat  alaalatel  bp  MW,  bat  eaall  ba  a  Mat  la  aahaaeaaaau  aaah  aa  JTU.  Captala  Babart 
baaa,  la  Ml  pracaatatlaa  at  tha  INS  Bcrhehep  aa  Melallag  aal  llaalatlaa  at  Leal  Caabat 
(}),  laaerlbal  MW  la  BetaU.  table  1  aaaaarlaaa  the  bat  faetaree  at  tha  aalal. 

Mo*al  btreCtare 

MW  eaaaftata  at  a  aala  pcafraa  (Mill)  eeaeletlag  of  Si  eabroatlaM  aal  fine  clear,  aal 
aa  lapat/aatpat  pcafraa  (XOfBM)  ahlah  illiaa  alaaltaaaaaa  lapat/  receipt  at  lafaraatlaa 
te/fraa  rel,  blaa,  aal  aaatraUar  partlalpaata;  a  lata  baaa  (HlK*D*Xl)  ahlah  aaatalaa 
tarrala,  barrlar,  aalt  aal  aUtilliauae  lafaraatlaa:  aal  aa  aaelllarp  leu  baaa  ball!- 
lag  pcagvaa  (FUST).  MW  MU  la  a  tap  -liaa  atreetaral  pcagraa  aa  ahaaa  la  Plgare  S. 


A  aaigaa  Iwtuti  ad  IBM  IUI  1*  tha  KStAKT  nkNtiM  ehleh  rntifteiUy  (Uh  a  ear- 
t* at  T|i  tutu-  This  feature  allow  the  planar*  ta  aiaalata  altareaclaa  dadalaaa 
Ittar  flap  tea  pruaatat  fast  tha  daelaiaa  point-  Bach  altaraatiaa  aaalpala  flada  paat 
etilltp  la  aralaatla*  sttatag p  and  taetlea  or  la  reaaarchiag  tha  aodal.  PITUT  allaaa 
tha  aargraa  ta  ha  ratal tlatad  at  tha  pelat  la  tlaa  at  tha  select—  MftAKT  t Ha¬ 


th*  a— alaatlaa  tlaa  hataaaa  IBM  a—  tha  plapara  aaaara  oaatlaaoaalp-  thla  la  a  aa- 
Ifaa  adaaafaga  at  MM  daallltat—  If  tha  XOnOC  laffar  pcograa.  tap  aargaaaa  aaa  aast- 
aaaat  paaaataraa  la  ahich  aaara  aaa  aalp  aatar  atdare  darlag  eartala  phaaaa.  Unoo 
atataa  plapar  lapat  aad  MM  MUM  aatpat-  tarlag  tha  am  aokraatlaa  p  la  par  iapata  are 
laadad  fraa  MM  at  appraprlata  patata  la  MM  Mill,  aatpata  are  down  laadad  t*  IOMN. 
tta  tlaa  aegaaealag  ad  thaaa  aetlaaa  la  traaeparaat  to  tha  plapar*  aha  ptictlit  real- 
tlaa  lataractlaa  with  tha  aadal. 

ItttaZt  aatladla*  tha  regalreaaat  far  a  repldlp  aoaflgartt  data  haaa-  It  star**  all 
lapat  Ml—  ahlth  are  dapaadaat  apoa  the  apaelfl*  tarrala  er  aalu  lavalaad  la  tha  aar- 
gaaa.  Altaraata  NMttt  tllaa  all—  rapid  traaaltlaa  free  a—  aaaaarla  ad  laterast  ta 
aaathar.  the  tllaa  are  araatad  thraagh  aa  latetastlae  datahaaa  halldlag  prograa  aatlt- 
lad  niST.  this  pcagraa  gaarlaa  the  plapara  *r  a— traUara  aa  attrlhataa  ad  tha  tarrala 
aad  aalu  ahtah  It  thaa  leads,  U  proper  facaat,  lata  «U*D*U. 


m  s 
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la  luptMi  Co  a  IMS  Ufa— t  froa  tki  C— tot,  01  Army  tat  College  (AMC),  •  Modal 
Validation  Progr—  (MVP)  has  tan  1— tltated  at  OMA«  Tba  primary  parpeae  of  tin  MVP  la 
to  aaalat  tha  4MC  la  prerldlat  eaakat  aodal  aaara  with  "confidence  etata— ata*  about  tba 
aataaaaa  rtTrJ~rf  Ira  earn bat  aodala,  particularly  Mm  aad  JTU.  MVP  la  a  Jalat  afloat 
of  tba  Bapartaaata  of  lag! nearing  aad  Uatory.  Faculty  aaabara  ara  earroatly  panning 
tba  taaaarcb  la  addition  to  aoraal  laatraatlaaal  dutlaa,  abila  tin  author  la  darting 
full-ti—  affart  to  tba  taaaarcb  dorlag  Academic  Taar  1M4-C5.  Tha  parpeaa  af  tbla  pro¬ 
ject  la  to  daaalop  a  methodology  for  tba  — lidatloa  of  largo  acala,  loo  raaolatlaa  eon- 
bat  aodala  ablcb  ceatala  ataebaatlc  ala— at a.  Thla  — tbodalogy  caa  tbaa  ba  applied  to 

T  fill  toUblM  M  ImTMM  COfifiltSCt  IB  fcfcft  loddf* 


la  order  to  aval— ta  tba  la— 1  of  naafl  domra  pertalalag  to  raaulta  derive d  froa  a  par¬ 
ticular  oaabet  —dal,  it  la  aacaaaary  to  par  fora  oe— itivlty  aaalyala  op—  aa—  ra¬ 
pe— tore  aad  at  — rlo—  la— la  of  aggragatl—  la  the  a— bat  —dal  of  later—  t.  A  de¬ 
tailed  tarlyr*-  af  tba  off— t  of  bay  para— tera  —  predetermined  — tput  — aaaroa  of  ef- 
fecti— aa—  —at  ba  oauplad  with  —  aaalyala  af  tba  nodal 'a  overall  fidelity  uith  put, 
proa  vet,  aad  aaticlpatad  battlefield  ooaditlo— . 


.  Oar— at  validation  —e— rebate  oaaceatrate  —  high  —eolation  a— bat  aadala  ahicb  con¬ 
tain  da tailed  — doling  af  at oc beetle  oaabet  pro ca aa— «  Lon  revolution  eoabat  aodala  ag¬ 
gregate  etoebaa tic  eoabat  proe— a—  lata  atochaatie  — b-aedala  and/or  dataralalatlc 
aadala  aneb  —  tba  Leach— tar  if— tin— .  Valldatl—  of  each  large  acala,  1—  —eolation 
eoabat  —dale  re preeaata  a  — latl— ly  — t— chad  ar—  af  —arch  aad  ea—  ti— t—  a  aig- 
alfic— t  oantribnti—  to  tba  eoabat  —  dal  lag  eoanuelty . 


A  b— le  era bet  —del  — lidatl—  approach,  which  far—  tba  procedural  baa  la  af  tba  MVP, 
—a  da— loped  by  Or.  Wilbur  Pay—  of  the  TKADOC  Operetta—  lea— rch  Activity  (7).  A a 
aba—  la  Figaro  3,  tbla  approach  ca— 1  dare  both  aodal  atructure  aad  aodal  approach . 

P leaning  ■■■  unptlo—  are  aaalyaed  to  deteral—  tba  validity  of  the  Inherent  tactical, 
trlael,  aad  orgaaiaatie— 1  attribnt—  of  tba  —del  —  —11  —  tba  validity  af  inter- 
aad  input  par— atar  — 1— a.  Model  abetractlo—  a—  —viewed  to  deteral—  tba  uni¬ 
ty  of  emitting  —  aggregating  e— bat  factere  or  inter— tie— •  Model  epproxl— tie— 
ea— Ida  rad  to  a— ly—  the  validity  of  appro  si— ting  a  eoabat  f—  tor  ar  interaction 
through  node  ling  a  lapllf  lectio—. 


i 


Commit  to  mlldatloe  effort*  oa  aodal  structure  in  effort*  to  validate  nodal  ap¬ 
plication.  Both  input  and  output  eeleee  froo  the  aodal  of  ietereet  hi  be  coopered  with 
Hippo  free  otter  awe  roily  accepted  tote  it  code  la.  Oho  cm  gala  coofideoce  in  the 
podol  by  ««<iHn  hla  tori  cal  bettloa.  The  fidelity  of  tte  aodal  to  blotoricol  reoulta, 
or  lodlrcrlsoo  of  shy  tte  oodel  did  not  replicate  hlatory,  provides  eelaablo  insights . 
Although  oc teal  oeatet  oaaaot  te  generated  to  validate  a  aodal  booed  oa  earrent  doctrlee 
pad  weapon  ayatoaa,  rerhanlngr  each  oa  laaor  acorad  field  aaarciooo  tad  laotrupeatal 
training  ernes,  are  earraptly  generating  * coate t*  reoolto  which  could  te  woeful  la  vali¬ 
dating  an dele. 

Thengbout  tte  aalldotloa  effort,  eooalderatloa  ateald  be  (Iran  to  tte  intended  wtlll- 
aatlao  of  tte  oeatet  nodal,  la  tte  Any  operation*  roc  carte  coimlty.  etetet  aedala 
an  aaod  for  ante  dlrarao  faactloaa  oa  aaapoa  ayatoo  aaalyala,  force  derelopwent,  train- 
lag  old  dove  1 appear,  coot  aaalyala,  ladlrldaal  training  la  ateoola,  eparaciooal  aalt 
training,  tad  aaalyala  of  operational  plaaa.  Tte  parpoo*  of  aoiag  o  center  aodal  la 
oote  of  tbaca  eypllcntlooo  la  different,  teeoral  foe  tore  of  tte  validation  procaea, 
ante  oo  leper  requlrnaeats,  na  tine,  data  praparatloa  tine,  aodal  raaolatloa,  output 
foraat  and  moelntien,  and  fidelity  of  output  to  tte  real  ear Id,  are  laflaoncad  by  tea 
Iatendad  nano  of  tte  nodal.  One  nodal  nay  te  valid  for  ana  oa  an  ladlrldaal  tralalag 
nodal,  yet  totally  aaaaltod  for  nee  -in  noapoa  eye tana  aaalyala. 

teaarrnaat  of  lUtog 

A  anlgao  aapoet  of  OT  la  tte  participation  of  tte  Pepartnaat  of  Blotory.  Thle  or¬ 
ganisation  poaeeeeee  apportion  an  nllltary  blatory  and  blatorlcal  ear goal ag.  A  faculty 
group  tea  dove loped  MDI  datebaeaa  to  alien  uarganlag  of  World  War  11  battle*.  Their 
aaia  purpooo  1*  to  addraaa  tea  fidelity  of  MDI  with  blatorlcal  raault*.  They  are  lnres- 
H|fti*g  ante  questions  oat  aoefal  aourcaa  of  blatorlcal  data  for  uea  la  IBM,  nethodo- 
loglea  aaod  to  cauvart  terrain  and  aalt  data  late  an  KM  data  beae.  validity  of  cantet 
poraaatora  altbla  MDI,  and  critical  faction  teich  const  MDI  not  to  replicate  blatory.  A 
aecond  objective  la  to  aaaaaa  tte  aaofulnoaa  of  a  cenyutar  ear  gene,  ante  aa  MDI,  aa  a 
tool  for  obtalalag  blatorlcal  iaalgbta  aute  aai  tte  cantet  factora  that  uera  noet  crit¬ 
ical,  tte  effect*  of  changing  battle  areata  or  factora,  aad  nodal  differentiation  bet- 
noon  tte  reoulta  of  a  good  aad  a  poet  battle  plan  and  execution. 

tte  blatorlcal  aaalyelo  *111  eealot  tte  quantitative  aaalyala  by  Identifying  otert- 
fallo  la  tea  KM  battlefield  anrireanoat  or  la  tea  depletion  of  prlnary  eonbet  func¬ 
tion.  Thlo  aanlyalo  *111  leva* t< goto  questions  each  aos  prlnary  cantet  function*  not 
nodeled  vltbia  MDI,  prlnary  cantet  function*  el  thin  MDI  uhite  appear  to  be  unrealisti¬ 
cally  nodded,  cantet  raault*  fran  MDI  teich  appear  te  te  ueroelletlc,  end  the  approp¬ 
riate  terete  of  unit*  that  KM  nodele  effectively. 

Inf— —  area  of  aaphaei*  will  te  to  asp loro  tte  poooihte  pedagogical  application*  of 
MDI  within  tte  hepertHanf  of  llatocy.  Thlo  enalyal*  will  addraaa:  oodlflcetioo a  re¬ 
quired  to  TlMMt,  tte  data  been  building  progron,  to  faellltot*  It*  no*  in  blatorlcal 
aaalyala,  eodlfleetloea  required  to  KM  to  facilitate  It*  aa*  In  historical  analysis, 
end  additional  output  aadl*  that  would  facilitate  blatorlcal  enalyal*. 

Cadet  looeerch 

KM  Conbat  tubroutlne  itructure 

There  ter*  teen  four  codat  ladlrldaal  reooercb  projects  conducted  an  KM  end  two  oa 
JIU .  Tte  purpooo  of  tte  first  rooaarch  project  ana  to  osanlna  the  eoatet  subroutine  of 
KM  by  focusing  upon  Wo  area*  (A).  Tte  first  area  was  tte  descriptive  aspect  of  tte 
aubrantlae.  This  Included  tte  dural* pnent  of  tte  dsndrltlcs  for  the  on br out lee.  Tte 
second  arsa  of  attention  na*  tte  analysis  of  the  subroutine  through  regression  techni¬ 
ques.  This  analysis  served  oa  a  foundation  and  basic  frsnsuorfc  for  future  analysis  in 
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A  ajor  etap  la  tha  aaalpaia  of  the  coabat  aubroutloa  aaa  the  eraatloo  of  the  flow 
chart  for  the  aahroaciaa  (Flgur*  4).  Xhla  aaa  Cha  flrat  flow  chart  developed  for  mmj  of 
Cha  aamaroae  aahcoaflaaa  wood  la  KM.  Tba  flow  chare  provided  laolghto  lato  abac  hop 
faccora  halp  4acanlaa  tha  raaolta  of  combat  to  laeladas  cha  aupply  local  of  cha  aalt 
la  eaahat,  ahathar  a  aalt  la  a tall *4  la  a  aload  or  coataaloated  has,  aba tha r  a  aalt  la 
oat  of  patrolaaa  product*,  tha  tar rail  afclcb  a  aalt  occupiaa,  aad  tha  Claa  tha  aalt  haa 
been  la  that  location. 

Flow  charting  of  tha  aubroutloa  ralaad  aoac  laportaot  questions  concerning  tha  para- 
aatara  which  ara  aaad  la  tha  aubroutloa  lo  order  to  raeolve  coabat.  A  aalt  will  antar 
tha  coabat  aubroutloa  with  aa  amount  of  point*  which  reflect  tha  unit’*  atrength.  Tha 
point*  ara  than  mtltlplled  bp  a  CMULT  factor  which  la  dependant  upon  tba  time,  terrain, 
aad  other  factor a  aaatloaad  above.  Tba  paraaatare  of  the  CMULT  factor  wore  highlighted 
aa  a  critical  area  for  future  roaaarch. 

Tba  aacoad  aapoct  of  the  raaoarcb  waa  tba  aaalpala  of  tha  coabat  awbrowtlaa  autputa. 
Thla  portloa  of  tha  atwdy  moulted  la  two  occoapllahaanta.  Flrat,  a  data  collection 
methodology  waa  aatabllahad  Milch  baa  boon  weed  in  further  aaalpala.  Tba  methodology 
iaclodea  tha  craatloa  of  additional  aubroutinaa  which  capture  data  pointa  for  the  fac- 
tora  balag  atudied-  Ooca  tha  data  filaa  ware  genaratad,  a  method  for  aaaljrala  aaiag  the 
Statiatleal  Fhckaga  for  tba  loclal  Scleacaa  (8P»8>  waa  aatabllahad.  Thla  Included  the 
writing  of  aa  SPSS  program  and  production  of  Initial  SHI  output*. 

IBM  Freer  am  lovloloao 

The  aacoad  cadet  monarch  project  waa  concerned  with  tranaitloalag  HIM  froa  the  UM1VAC 
to  tha  replacement  FU1B  ayatam  at  UBU.  Thla  Involved  ravlalona  to  eparatlag  rnaaaniia 
aad  to  the  program'*  file  at  rue  turn.  Concurraat  to  thla  traaaltlon,  tha  foraat  of  tba 
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(2)  It  makes  lower  level  decisions  based  on  a  prescribed  set  of 
rules.  For  example,  it  may  determine  when  small  units  withdraw 
from  battle  due  to  a  predeterml ned  cumulative  loss  threshold. 

Or,  it  may  determine  when  and  how  two  small  unit  opposing  forces 
become  engaged,  based  on  prescribed  decision  rules.  The  quality  of 
a  model  is  sensitive  to  the  automated  decisions  and  in  so  far  as 
possible  a  model  should  keep  these  to  a  minimum. 

3.  Potential  Planning  and  Studies  Methodology  Using  War  Gaming, 
a.  Studies  and  Plans. 

(1)  This  type  of  effort  Is  characterized  by  J-5  activities  where 
analytical  effort  Is  directed  toward  potential,  but  not  necessarily 
evolving,  problem  areas.  Analytic  teams  would  consist  of  a  proponent 
team  (for  example  from  the  J-5  staff  to  Include  support  from  other 
agencies  as  appropriate),  adversary  team  (analysts  from  an  agency 
such  as  the  DIA)  and  a  control  team  (SAGA  analysts).  In  addition. 

If  the  effort  is  to  culminate  in  an  operations  plan  it  would  be 
appropriate  for  staff  representation  from  J-3  to  be  on  the  proponent 
team. 

(2)  It  appears  that  for  an  effort  such  as  this  it  is  appropriate 
that  the  study/ planning  process  incorporate  two  war  game  models: 
one  of  high  fidelity  and  very  fined  gained  to  provide  verification 

of  study  results,  and  a  coarse  grained  parametric  model  through  which 
sensitivity  and  contingency  analyses  can  be  made.  Analysis  support¬ 
ing  a  plan  or  study  could  reasonably  follow  a  sequence  (as  summarized 
In  figure  1). 

(a)  Acquire  validated  data  regarding  the  aspects  of  warfare  in 
the  region  to  be  studied.  This  can  be  accomplished  by  research¬ 
ing  actual  data  if  there  has  been  recent  activity  or  it  can  be 
gained  through  simulation  with  the  fine  grained  model,  e.g.,  a 
war  game  with  the  Total  Forces  Capability  Analysis  procedure. 

(b)  Adjust  the  parameters  of  the  parametric  wargame  model  so 
that  wargaming  results  between  the  validated  data  and  this 
model  are  In  agreement.  Here  one  is  talking  about  a  model  (the 
coarse  grained  paramentrlc  model)  In  which  a  single  variable 
(paramerrter  synthesizes  a  number  of  descrete  activities  on  the 
battle  field).  These  surrogate  variables  are  then  adjusted  so 
that  events  in  the  parametric  model  yield  results  that  agree 
with  the  validated  data.  One  should  not  be  fooled  into  believ¬ 
ing  that  "tuning"  the  model  is  a  simple  issue.  It  will  take  a 
significant  effort  to  even  define  what  Is  meant  by  agreement! 

(c)  Wargaming  is  begun  In  earnest  using  the  coarse  grained 
model  to  automate ^he  play.  Because  the  coarse  grained  model 
allows  for  rapid  play,  many  alternative  paths  can  be  played, 
l.e.,  when  reasonable  alternatives  exist  for  an  opponent. 

For  example,  one  force  would  have  as  alternatives  a  surprise 
attack  or  a  deliberate  attack.  Each  may  be  gamed  to  assess  the 
longer  term  implications.  As  one  might  observe,  the  number  of 
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2.  Mar  Gaining  as  a  Planning  Tool. 

a.  A  raview  of  the  study  and  planning  processes  within  the  JCS  shows 
that,  in  general,  they  are  not  structured  to  account  for  a  responsive 
enemy,  e.g.,  an  enemy  who  alters  his  situation  based  on  US  initiatives. 
There  is  no  insurance  that  a  study  or  plan  has  systematically  examined 
the  field  of  reactions  an  adversary  might  take  given  a  shift  in  allied 
posture.  Perhaps  more  important,  there  appears  to  be  no  formal 
structure  to  insure  the  examination  of  potential  enemy  actions  and 
allied  counteractions  over  time.  In  1978,  the  Defense  Science  Board 
formally  recognized  this  as  a  problem  in  all  strategic  analysis  and 
suggested  wargaming  as  the  most  favorable  method  for  overcoming  the 
problem.  All  evidence  indicates  this  is  true  for  all  analysis. 

b.  War  Gaming  and  the  Joint  Chiefs  of  Staff: 

(1)  A  war  game,  as  used  in  this  context,  is  a  structured  procedure 
modeling  various  aspects  of  warfare  between  two  or  more  antagonist 
forces.  The  actions  of  each  force  Is  directed  by  a  group  of 
analysts  vrfio  are  governed  by  a  prescribed  set  of  procedures.  When 
battle  is  joined,  the  outcome  Is  determined  by  a  prescribed  set  of 
rules.  The  quality  of  a  gone  is  determined  by  how  faithfully 

It  represents  the  various  aspects  of  warfare. 

(2)  In  the  JCS  planning  setting,  a  quality  game  would  allow  examine* 
tlon  of  a  full  spectrum  of  options  available  to  opposing  forces, 
thus  providing  a  better  assessment  of  needed  resources  to  Insure 
successful  plan  execution.  This  Includes  a  full  assessment  of 
reserve  and  contingency  force  requirements,  a  more  complete  set  of 
contingency  plans,  and  a  better  definition  of  the  essential 
elmeents  of  Intelligence,  l.e.,  those  activities  that  would  prestage 
a  change  In  an  enemy's  operation. 

(3)  Should  a  gaming  procedure  be  adopted  for  JCS  planning  and  study 
efforts,  one  would  expect  war  games  to  be  established  for  each 
plan/study.  Two  gaming  setups  would  be  desirable;  one  which  would 
be  pursued  by  opposing  analytic  teams,  for  the  purpose  of  assisting 
the  development  of  contingency  plans;  the  other  would  maintain  the 
current  situation  so  that  should  immediate  analysis  be  required  (as 
In  a  crises  situation)  operations  personnel  could  use  gaming 
procedures  to  explore  the  Impacts  of  immediately  available  options. 


c.  Automation  must  be  Introduced  to  any  such  garni hg  procedure;  otherwise 
for  a  wergame  reflective  of  any  reasonable  fidelity,  the  necessary 
resources  would  be  prohibitive.  Automation  serves  two  key  functions: 


(1)  It  serves  as  a  secretary /bookeeper ,  providing  a  record  of  all 
activities  in  the  game.  If  carefully  designed,  it  also  provides 
a  record  of  decisions  made  by  the  analyst.  In  addition,  automating 
the  wergame  allows  routine  events  to  occur  such  as  convoy  movement 
and  fuel  and  ammunition  consumption  to  be  accomplished  without 
attention. 
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ENCLOSURE  A 


1.  Background. 

a.  The  tint  urgent  nature  of  a  number  of  the  planning  and  study  Issues 
faced  by  the  Joint  Staff  make  It  Imperative  that  a  quality,  rapid 
response  analytic  capability  exist.  General  dissatisfaction  In  this 
regard  has  been  expressed  by  the  Chairman  and  other  senior  members  of 
his  Staff.  In  response,  the  Studies,  Analysis,  and  Gaming  Agency 
(SAGA)  surveyed  available  analytic  methods  and  concluded  that  the 
MeCUntlc  Theater  Model  (MTM)  offered  the  greatest  promise.  Two 
officers  from  the  US  Military  Academy,  Major  John  Edwards  and  Captain 
Robert  Oees  were  assigned  to  SAGA  for  %  days  to  assist  In  the 
evaluation  of  MTM.  Captain  Oees  examined  the  structure  of  the  model 
and  provided  an  assessment  of  Its  potential  to  model  conflict;  his 
report  is  forwarded  under  separate  cover.  Major  Edwards  examined  how 
the  MTM  aright  be  employed  by  the  Joint  Staff  and  the  result  of  that 
effort  Is  herein  reported.  His  specific  tasking  Is  found  at  Annex  1. 

b.  Major  Edwards-'  effort  Included: 

(1)  A  review  of  the  background  literature  cited  In  the  bibliography. 
This  provided  a  general  understanding  of  the  organization  and  division 
of  responsibilities  of  the  Joint  Chiefs  of  Staff,  understanding  of 
MTM,  and  an  insight  of  War  Gaming  as  a  tool  to  support  studies  and 
plans. 

(2)  A  visit  with  Mr.  Fred  HeClIntlc,  the  author  of  MTM,  to  gala  his 
perspective  on  the  model  • 

(3)  Interviews  and  limited  analytic  support  for  action  officers  from 

SAGA  and  the  J-5  staff.  • 

•  Provided  analytic  effort  to  ITC  Lynch  In  support  of  the  Force 
Mix  Study. 

-  Reviewed  OPLAN  1003-81. 

•  Discussed  the  Total  Force  Capability  Analysis  effort  with  LTC 
Shlnol • 

•  Contacted  other  Individuals  to  Include  personnel  from  the 
J-5  -  Col  Noory,  Col  Eggers,  LTC  Llnehard;  and  personnel  from 
SAGA  -  Captain  O'Neill,  Colonel  d‘ Aiello,  LTC  Tlmberlake,  LCOR 
Swan,  Major  Weber,  and  Major  Markwardt. 

(4)  Attendance  at  briefings,  to  Include  the  JCS  Action  Officer 
orientation  and  a  presentation  by  Mr.  Glrshwln,  OASO,  describing  an 
effort  to  Implement  war  Gaming  for  Strategic  Analysis. 


M 


c.  Th«  attract Iveness  of  the  MTM  as  a  tool  for  quick  dependable 
analysis  is  that  it  is  a  gaming  process  rather  than  model.  The 
two-men  month  effort  of  Major  Edwards  and  Captain  Dees  has  concluded 
that  the  MTM  nas  excellent  potential  for  the  quick  analysis  role. 
Furthermore*  it  appears  well  suited  as  an  integral  part  of  a  general 
study  methodology.  While  a  more  complete  discussion  of  the  model 
structure  is  found  in  Captain  Dee‘s  report,  it  is  appropriate  here  to 
discuss  MTM's  flexibility.  It's  modular  structure  is  ideal  for 
developing  families  of  subroutines  that  will  allow  analysis  over  a 
full- spectrum  of  detail,  that  is,  the  model  can  be  easily  taylored  to 
study  requirements. 

3.  Conclusions. 

a.  Implementing  a  formal  war  gaming  structure  to  the  planning  process 
will  insure  better  quality  analysis  In  that  it  will  examine  the  impact 
of  a  responsive  enemy. 

b.  In  the  above  context,  MTM  Is  an  excellent  prospect  for  a  rapid 
response  method  of  analysis. 

4.  Recommendations. 

That  necessary  resources  be  allocated  for  the  timely  development 
of  the  McCIIntlc  Theater  Model: 

(1)  Dedicated  Main  Fraae  Computer  Resources. 

(2)  Substantial  Command  Control  Technical  Center  personnel  effort 
to  Implement  and  support  model  development. 

(3)  Dedicated  Technical  Services  Olvlslon  analysts  to  supervise 
model  Implementation. 
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MEMORANDUM  FOR  THE  SCIENTIFIC  AND  TECHNIC^  ADVISOR,  SAGA 

Subject:  Report  of  Study  of  a  Methodology  for  Quick  Reaction 
Analysis 


1.  Background. 

a.  The  Chairman  of  the  Joint  Chiefs  of  Staff,  his  military  assistant, 
and  the  J-5  have  expressed  a  desire  for  the  Studies,  Analysis,  and 
Gaming  Agency  to  develop  methods  for  conducting  quality  analysis  In 
time  urgent  situations.  In  response,  the  Technical  Support  Division 
has  conducted  a  search  of  existing  methodologies  and  has  determined 
that  the  McCTIntlc  Theater  Model  (MTM)  offers  favorable  promise. 

b.  Major  Edwards  and  Captain  Dees,  United  States  Military  Academy, 
each  were  assigned  30  days  of  temporary  duty  to  SAGA  to  support  the 
evaluation  of  the  MTM.  Captain  Oms  was  to  examine  the  structure  of 
the  model  and  Major  Edwards  was  to  determine  how  the  model  might  be 
employed  within  the  Joint  Staff.  The  specific  tasking  for  Major 
Edwards  is  found  at  Annex  T  to  Enclosure. 

2.  Discussion. 

a.  To  assess  potential  roles  for  the  MTM,  Major  Edwards  reviewed  the 
joint  planning/study  process  and  matters  relating  to  It.  The  findings 
of  this  effort  collaborate  a  concern  voiced  by  the  Defense  Science 
Board  In  1978:  That  there  appears  to  be  no  specific  method  to  insure  a 
responsive  enemy  Is  considered  In  analysis  supporting  strategic 
planning.  That  is  to  say,  there  are  no  Identifiable  procedures  to 
Insure  plans  and  studies  consider  a  full  spectrum  of  possible  responses 
to  US  initiatives.  There  Is  no  apparent  reason  that  this  Is  not  also 

an  Issue  with  analysis  supporting  most  strategic  studies.  In  consonance 
with  the  Defense  Science  Board  concern,  Major  Edwards  pursued  his 
study  In  the  broader  context  of  determining  a  study  methodology  that 
has  the  potential  to  represent  this  aspect  of  analyses. 

b.  with  enunciating  Its  findings  In  1978,  the  Oefense  Science  Board 
suggested  that  meploylng  a  War  Gaming  Methodology  was  the  most  promising 
way  to  overcome  the  problmn.  The  concept  of  using  war  games  to 
develop  plans  has  historical  precedence;  the  Germans  have  employed 

this  technique  from  the  time  of  the  Prussian  Empire.  The  success 
enjoyed  by  SAGA'S  Total  Force  Capability  Analysis,  a  finely  detailed 
War  Gaming  procedure,  further  supports  the  option  to  employ  a  formal 
War  Gaming  Structure  to  all  planning.  A  candidate  wargaming  proposal 
Is  found  In  the  attached  report  (Enclosure  A). 
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MEMORANDUM  FOR:  S«t  Distribution 
Subject:  MeCIIntlc  Theater  Model  (MTM) 


1.  During  the  past  summer,  two  members  of  the  faculty  of  the  United 
States  Military  Academy,  Major  John  Edwards  of  the  Department  of 
Mathematics  and  Captain  Robert  Dees  of  the  Department  of  Engineering, 
served  a  30  day  Internship  with  the  Studies,  Analysis,  and  Gaming  Agency 
of  the  Organization  of  the  Joint  Chiefs  of  Staff  (OJCS). 

2.  Their  primary  assignment  was  to  Investigate  the  capabilities  of  the 
MeCIIntlc  Theater  Model  (MTM),  developed  at  the  Army  War  College,  to 
provide  the  OJCS  with  a  viable  rapid  response  wargaming  tool  for  use  In 
developing  and  analyzing  plans,  contingency  operations,  and  exercises. 

3.  Major  Edwards  focused  on  developing  a  process  for  the  OJCS  to  use  a 
rapid  response  wargaming  tool.  Captain  Dees  conducted  a  comprehensive 
evaluation  of  the  structure,  methodology,  and  algorithms  of  MTM. 

4.  The  reports  that  present  the  results  of  Major  Edwards'  and  Captain 
Dees'  efforts  are  enclosed.  It  Is  Interesting  to  note  that  both  Major 
Edwards  and  Captain  Oees  arrived  at  the  same  conclusion  that  the  MTM  Is 
an  excellent  prospect  for  a  rapid  response  wargaming  tool  for  the  OJCS. 


Scientific  and  Technical  Advisor 
Studies,  Analysis,  and  Gaming  Agency 


DISTRIBUTION: 

Mr.  Vandiver,  0CS0PS/0A  (OAMO-ZO) 

Chief,  SAGA 

01  rector.  Joint  Staff,  OJCS 

01 rector  for  Operations,  OuCS 

Director  for  Plans  and  Policy,  OJCS 

Director  for  Command,  Control,  and  Communications,  OJCS 

Army  war  College 
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(41).  MM,  burnt,  aciliaaa  a  cm  tear  dm  laeramat  Car  aU  lamia  aC  caatet  (Ml). 
Stem  la,  ctecaCaca,  a  tof  »aaCla>  aCCact  aC  attrltlM  atea  anballag  4  (MS)  ar  12  (Mb) 
teara  aC  aaatet  la  2  bear  lacraaasta.  Aa  a  ramlt  a C  the  lataraetlm  tetaaaa  tte  eaabat 
attrltlM  raadM  aaC  tte  ataaladM  dm  laeramat,  MM  am  rlmely  Bwmlaata.  or  aot- 
aaaA,  tte  attrltlm  cata  aC  TACOM. 

m»  taoeareh 

Baring  the  aamar  aC  IMA,  feral  ty  raaaarcb  alao  aayanbnb  to  JTU.  Imltlal  aCCotta 
centemd  m  a  aaar  amlaatlm  aC  tte  aoAal  baring  eight  Aaya  of  lntanalm  aargmlMg  at 
tte  AMC.  Ayyreadaataly  30  yaoyla  aara  lomlmb  la  thla  aCfort.  Cmloatloa  femoef  m  a 
aat  of  MA  amr  tagalramata  far  tte  netel.  Tte  amlaatlm  yr art AaA  aamroae  aaaaaata 
aa  tiyilnl  chaagna  ate  teltad  layrommats  lor  the  aoAal.  Critical  area*  ldoatlflad 
mrot  layromnaat  a C  tte  Aatatem  hallblag  prograa,  layromnaat  of  tte  elmlatod  to  ac- 
taol  dm  ratio,  batter  telaadag  of  eaabat  ayatm  mtellng  roooladoa,  amlaatlm  of 
tte  lnyut  bote,  mb  aBhieemiet  of  mml  Caoctloao  aebollog.  Tte  omlmtoro  an  mry 
layrmate  alth  JTU'  yatmtlal  m  o  tteotor  aobol  and  roooaaoobob  coatlnuob  aayhaela  m 


fatoro  Mmooroh 

fotaro  roo parch  Bill  iamalm  ayylieatiaoa  of  tte  mllbatlm  mttebology  borimd  m  MM 
to  otter  aabolo  ate  fortter  raaaarcb  m  MM  ltaalf.  Initially,  JTU  Boat  bo  traaaportod 
to  tte  VAX  ayatm  or  DMA,  a  yrocme  ohieh  la  alaoat  eoaplata.  Tte  teyartmat  of  Mla- 
tory  alii  ttea  bo  abla  to  m rclm  tte  Iterbar  ate  Ardaaaaa  battlaa  m  thla  aabol.  Tte 
aoat  yteaa  aC  taamrah  Bill  yratehly  am  tar  aa  tte  tateregaaeaaa  laaeteacar  attrltlm 
aaaCClalaata  la  JIU.  Initially,  oaaalddty  aanlyala  will  bntaralaa  tte  ntat&ntical 
nlgnlfleaaeo  ate  latat-ralatl omhl y  af  tte  eaaCflelaata.  Thm  otter  cootet  aabolo  will 
ho  lomodgstte  to  oaayaro  ttelr  layot  or  outyat  attrltlm  rntaa  alth  tteaa  la  tte  JTU 
barohom.  Attrltlm  ata  ooalb  alao  ho  borlmb  frm  hlatorleol  data  ate  eayarlaantal 
beta  each  ao.ctet  yaaaratad  at  tte  tafimal  Tkalaiag  COatar,  dart  Irvin,  OdiCar tea.  A 
talarte  atm  af  waaareh  aaalb  ha  ta  lamatigata  tte  aCCaata  la  JTU  a f  aggregating  tte 
teoal  ab  laaeteerar  attrltlm  mbaflag*  faaalty  mahire  are  alao  aaylarlag  tte  yeeei- 
hlllty  af  amfclag  alth  attar  aabala  aach  an  hrlgaba  ate  bidalm  lml  mbala  malbaar 
at  TMA1AHA  ate  tte  mbala  a C  tte  Amy  Mabel  Tnyrimniaf  Tregraa. 


A. 


TMa  yager  Mm  aaaaarlate  tte  eayeMUdM  ate  arraatare  af  MM,  ate  tte.  MMA  raaaarah 
afCorta  halag  bam  tab  tte  MM  ate  lta  aaeeaaaor,  JTU.  Tte  Mabel  Vail  bet  lea  Vmgrm  tea 
laAtltatleealined  OMa'a  canal taant  to  eoabnt  aabaltog  raaaarcb.  Mth  thi  latareat  ate 
raamrem  aaw  la  pMltlaa,  aaa  can  ba  Joatiflably  aptlnlatic  as  to  tte  contribution  MW 
alll  oaotlam  ta  aate  to  tte  eaabat  aodtllog  comuntty. 


1.  teatlay,  teaglaa  U,  COT,  IteCllotlc  Ttaatro  Motel  VallbatlMt  Caatet  tabcautlna. 
aayahUatob  ray  art,  teat  Valet,  IT,  IMA,  20  yagaa. 

2.  Caaar.  brln  k.  CM,  tMt  af  tte  Mabel  Interface  tretrea  la  tte  Jalat  Theater  laml 

aayteUatea^yortf^TOoTgro.^gTWr  TT^ST - 18=1 

3.  Bom,  tebart  V.,  C FT,  *A  Detailed  Aaalyala  af  tte  MeCllntlc  Tteatra  Nobal,* 

Mete Ilea  and  Mmlotlaa  of  late  Caabat.  CaargU 


***2.5* 

Volet,  Ml,  IMS,  27  yagaa. 


MM  CMbat  tabraotla 


abllahob  rayort. 


3.  Martin,  John  I.  XIX,  (R 


a  af  tte  Joint  Ttea  tar  laml 


b.  Mottle,  Joha  >.  HI..  CM.  The  tete  Attrition  Vrmeoa  of  tte  MeCllatlc  Ttea  tar 
Mabel.  myblUbef  rayort,  mat  raimt,  tea  Tort  IMA,  1*  yagaa. 

7.  Fnyaa,  Mlbar,  It.,  •Validity  af  Mabala  aa  £  Mala  Cot  Mllltory  Flopolaa*.  Mllltai 
Motel im.  Mllltory  OyorotloM  la tear eh  teeUty,  Almoterlo,  VA,  IMA,  313-32&. 
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MBI  (tUU4  raacareh  If  the  Bfirrui  ad  Uttoty  faculty  hu  oaacoatrated  ea  Wiltoi 
■It  Mi  until  iiuktM  for  the  hcU  Mu  tZ  battle*  af  Kharkov  m d  tkt  Irtmm 
Bit  ittynttiw  baa  ucutlUtW  wiwnl  lac*  hlaterlccl  ttytru  aed  aaalyeee  af  tha 
battle*  U  laelafa  aaabat  report*  frm  tha  salt*  laaelmd.  Tha  mtlfwait  far  tarmla 
fata  aaemelfted  aetalattUa  af  farM  aap*  tapre**atl*f  tha  lMo'a  tarraia  feetorae. 
Tha  tanaia  aai  alt  databaaae  km  haaa  ew>i|»fi<  aad  leaded.  Bat  mm  af  tha  hta- 
tecleal  Mai  am  aa*  la  pragma**  Thl*  laltlal  htatarlaal  raaaamh  affart  atll  aaaa 
ealfaata  fa  hUtariaal  MjMtj  aaia«  MM. 

MB  iaaaawh 

laltlal  Bfiitmt  af  bagiaaarlag  raaaamh  aa  MM  aaratlal  a  fatal  lad  aaaljala  af  tha 
lataraal  epamtlem  aai  lahaffaf  aaaa^tfam  af  tha  aafal  (3).  Thla  meearch  faaaaaf 

aafalaf  aalm  arafihla  aaalytlcal  taahataaaa.  Tha  raaaamh  aalataataf  la  a  wairy  af 
1*  aaftflaatlaaa  ahiah  maid  allalaata  aaay  af  tha  Ifeatlfted  *h*rTi*a1f  Tha  caacla- 
afaa  af  thla  lamaUgatlm  affart  aaa  that  Mm  MTU  la  m  aaalytloal  taaX  ahiah  peeeaaae* 
roaalfarahla  petmtlal  aa  a  hl|k*U«Bl  plaaadag  aaf  faclaloa  ill. 

Tha  aaaaaf  phaaa  af  tha'  maatcah  aaa  ta  aaalyaa  a  adcre-coapator,  MM  feaaai#  aaabat 
aafal  aatttlad  Tactical  Opart  ti aaa  Maalaflm  (TdCOM).  thla  aaalyala  fataralaad  that 
10  af  tha  19  mpmd  aaflflcatlaaa  ta  MM  had  haaa  addraaaad  by  XhCOM.  Mm  addl- 
tloaal  aahaaeaaaata  ta  MM  act*  racaaaaadad.  da  latematlag  lataractloa  bataaaa  tha 
aaahat  attritiaa  raatlaa  and  tha  tlaa  laataaaat  af  tha  alaalatlam  aaa  darlmd.  Thara 
■aa  raatara  aaoag  dMC  a  tad  aaf  that  tha  attritiaa  rata  of  a  algalfleoatly  eeparlar  (area 
agaloat  aa  oataaabarad  force  aaa  act  aafflclaatly  high. 


imi  -  AWCWG 


lack  Hit1*  aaabat  yonr  la  aaltlplled  by  aerifying  <Mtm  aa  dlecneaed  atom  ta  no¬ 
te  te  frltelj  te  nenay  point  anlaee.  Xhaaa  oalaaa  an  tea  laoertod  lata  do  at- 
crttloa  ante  to  deteralaa  the  laaa  rata  Car  each  cm  tear  rate.  After  all  of  te 
aalta '  laaaaa  have  kaaa  ealealatad,  they  an  eabcracted  fna  te  aalta'  etreagth  rat¬ 
tan  •  te  aaafeat  aabroaclaa  ndacaa  cka  partoat  ntlag  aai  cka  aatt  ocraagth  rat  lac 
aaly.  farther  raatlaa  fcflatoo  cka  afproprUu  aaaaat  af  oipiakt  ante. 


rortaoao  acactly  aa  it  kaa  I 
artaa  fna  cka  fact  tkat  It 


yngntstd.  te  aajor  flea  la  cka  attrltiaa  eabraotlaa  artaa  fna  cka  fact  tkat  It  cea- 
plately  igmoi  Cka  affacta  af  aaatkar  aa  Aay/algbt  aaaflttaaa  aa  piool  aaafeat. 
feaatkar  defloltarj  la  cka  laak  af  aay  tyya  af  faaaanraclaa  aaailafela  at 

OH*  that  acataa  kaa  tka  oalaaa  aaaf  aa  aalt  atnagfka,  tarrala  oalaaa,  tin  la  pealtlea 
telfltrt  aaf  tka  .03  attrltiaa  rata  eaafflelaat  an  dataralaad.  Tha  MM  aaafeat  enb- 
natiaa  tea,  kaaa  oar,  note  a  nckakla  ante  ta  aiaalata  groaal  aaafeat  attrltiaa. 

Farther  raaaarek  aaat  ha  ptiferatd  la  tae  araaai  kaa  ta  aartfy  tka  n*te  ta  aiaa¬ 
lata  tka  affacta  af  daylight,  dark  aatt  aad  aaatkar  aad  Mat  an  tka  appropriate  oalaaa 
ta  aaa  aa  aalt  atnagtha  aad  aadlfylag  oaafflclaata.  Tha  MM  aadal  caald  than  ha  aedl- 
flad  ta  n*te  a  ate  aara  aecarata  Blaalatlaa  af  graaad  aaafeat  attrltiaa. 


Barlag  tha  oaaaar  af  lte,  aadat  aaaaarch  facaa  aapaadad  ta  JIU  aa  that  aadal  aaa- 
tl~r~if  daoalagaaat  Oaa  aadat  daalgaad  a  ter  Aacaptaaea  that  far  tha  Medal  Iatarfaca 
Pragraa  (CD).  Thla  prograa  tatoraetloaly  aaatrala  the  nrgaaa  taraloala,  oerlfiae  aad 
a  tana  lapat  aad  act  pat  data,  aad  traaalataa  thla  data  ta  aad  fna  the  Coabat  Knata 
Pragraa.  Ike  Aacaptaaea  Teat  aaa  aaantad  aad  pc  art  dad  paint  hi  a  laalghta  ta  tka 
M»W. 


A  aacoad  aadat  naaarch  project  eaatarad  aa  tha  graaad  coabat  attrltiaa  procaaa  af 
JTLS  (3).  It  aaa  aarlflad  that  JIU  aaaa  hatangaaaaaa  Uacbaatar  attrltiaa.  la  thla 
type  of  attrltiaa  aadal  lag,  aaabat  ayataaa  attrlt  achar  oteat  ayataaa  at  a  rata  speci¬ 
fic  ta  tha  no  ayafan  laaalpad  rather  tea  aa  entail  rata  for  a  aalt  aaaprlaad  of 
aaooral  different  ayataaa.  It  aaa  alao  aarlflad  that  the  dlatrlkatloa  af  coabat  ayataaa 
aad  telr  aaabat  power  thraagheat  a  gaaa  bar  aaa  aadalad.  This  aunt  that  coabat  oat- 
aoaaa  an  dapaadaac  aa  te  artaa  tatlaa  af  te  attacker  aad  defender  talatlaa  ta  each 
achar.  da  attack  aa  a  lightly  defender  alda  af  a  has  la  ate  aan  likely  ta  aaccaad 
tea  aaa  aa  a  kaaally  dafaadad  alda.  Plaally,  It  aaa  aarlflad  that  attrltlag  aaabat  aye- 
tea  aaffarad  yaaaltlaa  far  tel  dafleltelae  aad  ooald  aat  attrlt  ether  ayataaa  tea 
ant  af  aaaaat  Mac. 

tea  teat  aa  da  11  eg  facto  re  had  laaa  aarlflad,  aaaaral  aadal  iapronanata,  ta  laclado 
ynpaaad  aarkaaatlnal  aadala,  aan  aoggaetad.  That  a  lapronaeatc  larladai  aan  raalia- 
cia  aaw  fin  —dale,  a  paaalty  far  adotla  aaafeat  ayataaa  te  oaffar  fna  tel  aad  m- 
■aaltlaa  daftclaaalaa,  aad  tfae  degraded  attrltiaa  ntaa.  Madallag  te  dagradatlaa  of 
aaafeat  affaotlaaaaaa  daa  ta  pnlongaf  aaafeat  la  partlcalarly  lapartaat. 


Than  an  currently  three  cadat  naaarch  projecta  la  pragrcaa.  Tha  firet  la  aa  effort 
ta  argaalaa,  aada,  aad  lapat  te  kt*  aaallable  aa  te  hattla  of  Kharkao.  thla  naaarch 
la  dlacaaaad  la  te  aast  paragraph.  A  eacead  earrant  effort  la  a  detailed  aaaalaatiaa 
af  graaad  aaeanat  algarlthaa  la  MM.  Thla  work  la  exploring  bow  aalta  an  aaaad,  at 
ortaot  rata,  te  tet  paraaatara  laflaaaea,  or  don't  laflaaoca,  aoanaant  la  te  aadal. 

MM  saaaaaat  tataa  all!  ho  ceaptnl  with  theta  la  at  bar  aadala.  The  final  entrant  ef¬ 
fort  iaaelaae  deaelepiag  a  aathadalogy  ta  aggragata  outpat  attrltiaa  rataa  fna  loaor 
laaal  aadala  lata  lapat  attrltiaa  rataa  far  MM.  Modal  rune  ban  been  gathered  fna  cn 
aaaaat  ad  lower  laaal  aadala  fat  thla  effort. 


Tha  affect*  d 


pMtOf*  u*i 


■min 


aot  change 


t  pooar. 


■Ht y  hlim  (Malta  is  a  SO  percent  loc  ranee  la 


Ball  berate  Defaaee  lacraaaaa 


by  200  percent. 


EFFECT  OF  ENCASEMENT  TYPE  ON  COttOAT 


/_ 


u  •  uitiiusiuaiuaui 

■anu  m*  mm 

■UK  t*  *.  M  fM 


Back  cha  ateaaklm  >K  aalta  ara  ■mm  la  tkia  aaaaar  (fi«m  «).  Mr 

aalt  that  aaylatalj  aBaata  Ita  aapply  aC  — mIHia  Mai  eaobet  la  liHiraly  I 


(npn  *).  *mr 
la  Imallatily  4 


that  raaa  aac  of  feel  la  aaMat  la  aoaaoood  a  SO  paroaat  (aiaetloa  la  aaabat  poaar. 
Minefield  attrltlaa  la  aoaeaaad  Independently  aad  oonearreatly  with  aaabat  attrition. 
Me  la  aiimUrtal  by  a  oaparato  aobraotlaa.  Blaaa  4a  aac  affect  tha  granel  aaabat  at- 
trltlee  aynHw.  tha  attrltlaa  from  alaefielde  la  la  a441tlaa  ta  aaabat  attrltlaa. 
Thla  aahaa  aaaaa  fraa  a  raal  Ilia  point  af  vlo*.  lalag  trapped  la  a  ala* field  naald 
aaha  a  aalt  aara  vnlaerabl*  ta  attrltlaa  if  It  taaaiaai  otetlaaary,  oblla  tha  nlaefleld 
aaali  Imp  ar  destroy  aaaa  of  tko  forcaa  If  tbay  attanptal  to  aa aaaaar  ta  ta4aco  tbalr 
volaarabllicy  to  eaaay  fire  (fl|art  7).  Haiti  ara  aot  affected  by  Cbaalcal  or  Hoc  lair 
cea  teal  net  lots  beyond  tko  affect!  of  the  Initial  epray  or  bloat.  The  aaen '  aenual  pre¬ 
dict!  that  a  aalt  *111  laaa  ooe  percent  of  lta  poaar  ovary  boar  that  it  la  la  a  contami¬ 
nated  ham.  Thla  doea  aot  oeaar  la  oataal  play. 


leak  baa  la  aaalgMd  a  aalaa  rapraieatlat  cha  type  of  terrain  predial aete  wltkla  the 
hem.  Tha  aathad  for  aoalgalag  a  aalaa  ta  a  terrain  type  la  aot  eaap lately  aaplalaad, 
haaavar,  aara  raatrlatlva  terrain  aoek  aa  ferae tad  aroaa  and  arbaa  arena  ate  aoaigaad 
higher  valaaa  than  laaa  raetrlctlv*  tarrala  aoek  aa  apaa  arena.  Begatlva  terrain  oelnoa 
eat  aaabat  poaar  ta  half,  toeitlv*  tarrala  aalaa*  laaa  than  too  do  net  chant*  tha  coar> 
hat  poaar.  Valaee  betooaa  to*  aad  three  doable  aaabat  paver  vhila  aalaa*  of  three  or 
aari  triple  it  (rigor*  •).  da  aaatlaaad  before,  the  gaaa  doa*  aot  dlaerlalaate  batwaaa 
aalt  typo*  la  aaaaoalag  tarrala  aalt flare,  la  reality,  different  typaa  of  unit*  ar*  af¬ 
fected  dlfferoatly  by  earloo*  tarrala  typaa.  1a  MM.  arbaa  tarrala  triple*  the  coabet 
paver  af  any  typo  of  aalt.  Thla  any  ba  fro*  far  aa  Infantry  aalt.  bat  few  tanka rn  vovld 
aaaeldar  tbalr  aaite  U  ba  at  aa  adaaataga  la  roatrlctad  tame  aad  eltioo.  ta  reel  oon- 
hat,  taabera  aaali  try  ta  typan  arbaa  area*  bat  la  tha  gaaa  it  ooald  ba  advaatagaoua 
far  tanka ra  to  nova  late  arbaa  area*  to  gala  the  advaatoga  of  tha  3.0  aultleller.  The 
tarrala  aedlflaro  ahaald  be  pat  tat*  n  notrla  that  ladaaaa  the  aaltlplier  by  both  tor* 
rale  aad  aalt  type*. 


tritlM 


•  IMlp><  CO 
The  *u  tern 


lee  tW  effect  of  web  lapet  pi 
kettle  tea  eee  wet  to  eoaflra 


ee  the  ae- 


the  effect*  of  each  peraaatar  we  arpUlead  la  this  aeetlea  alaag  with  the  effect*  ef 
dapUght,  dart ate*  mi  weather.  Balt  St  reap  th  direetlp  affect*  the  attrltlea  preeaea 
throagh  the  eerie  hi*  pelat*.  Ihle  etraagth  la  aaltlpUed  hg t  the  andlfpltp  wlaw  ef  the 
ether  lapet  peraaatar*.  the  eaahat  lee*  ef  a  wait  arc  reflected  bp  a  decraaw  la  thle 
etraagth.  thla  la  aaaetlp  aa  predicted  la  the  prapraa  aad  wear  aaaaela.  the  ealp  affect 
ef  the  Salt  tppe  peraaatar  la  te  deterelaa  the  actlaaa  that  era  faealble  for  a  parti ce- 
lar  wait  te  perl ora  each  aa  air  attack  alaalaaa  w  ladlract  lira,  tt  haa  a*  affect  ea 
preach  eaahat.  thla  la  ea  predicted  la  the  aada  aad  the  wear  aaaaela. 


Whether  the  attacklap  w  def eadlap  wit  fa  adU  aewlap  reward  it*  daatlaatlea  w  h 
alraedp  arrlwed  ahw  It  aakea  ooatect  haa  e  alpalfleaet  effect,  leek  teat  leeelte  ew 
cade  aaalpala  iadieata  tkat  a  aorta*  wit  aaffera  e  M  parceat  mdectlw  la  aeabat  pw 
far  the  flrat  few  hear*  ef  eaahat.  thla  eeeld  ha  takaa  to  rapraaaat  the  greater  fir 
paaw  that  a  wit  which  wa  deplop  late  e  prepered  attack  fecaatlw  weald  have  aeer  a 
welt  chat  raw  lata  the  aaaap  while  etui  la  a  atreh  aalaaa  tppe  ef  fecaatlw.  Peer 
hears  daw,  haa* war,  mm  te  he  ee  aaeeaalwe  tlw  period  to  paaallaa  a  aewlap  wait,  i 
wait  Weald  ha  ahla  te  recower  free  the  laltlal  shack  of  ewket  cad  deplep  late  w  at- 
teak  or  dafaaalwa  faraatlw  wlthla  ewe  hear*,  the  paw  daalpwfaa  the  attaeklap  aide 
the  aide  wick  the  shortest  awerage  tlw  la  poeltlea  Per  lop  each  two  hear  period,  thli 
dew  aet  haw  aap  ether  affect  w  ettrttlw  (Vlpare  9). 


EFFECT  OP  POSTMME-  MOWN  V.  IMPOSITION 


p*nu  wb- 

WlflH. 


the  tlw  that  a  salt  haa  been  la  poeltlea  la  aaad  to  deteralae  what  tppe  ef  defeaelwe 
poetere  the  aalt  la  la.  the  pee tars  slpalfleeatlp  affects  the  aalts  eaahat  power,  tar 
Bias  aalt* i 


Maetlap  aapapaawt  "  tlw  la  poeltlea  leea  thw  9  hears. 
laetp  defease  ■  la  position  between  3  aad  72  beer*. 

Deliberate  defease  ■  in  poeltlea  greater  thw  72  hears  or  et  paw  start. 
Far  Bad  aaltai 

Haatlap  aapapaawt  •  tlw  la  peeltiw  lee*  thw  1  hear. 

Baatp  dafear*  •  tlw  la  peeltiw  beewow  1  aad  9  bear*. 

D*U beret*  dafaw*  •  la  pwltlaa  greater  thw  3  heart  or  at  paw  etart. 


teu  kui  aaa  revised  to  be  cHHUiu  alth  mm  mu  kuw  at  ackor  HIM  lasts llatle _ 

This  revision  toqulrad  duration  of  mry  m— d  that  ladudud  a  tarrala  kax  Aeslgno- 


Bavialng  tka  database  enquired  ravieloe  at 
ctpt  tka  «•»  tanaia  kas  aotatlaa.  txptclaa 
ly,  and  it  m  therefore  ravlaad  to  display  : 
correction*  to  iapata.  tka  lauraetiv*  quaa 
m d  salf-explaaatory. 


n*»I  dauSaa  kalUin 
id  akaaa  tkat  rUST  aaa  i 
.  facaat  error  atataaaati 
to  tka  aaar  aara  aada  i 


t  prograo  to  ac 
■at  aaar  friaad- 
*  aad  to  allow 
■era  coaalata 


tka  third  aad  fourth  aadat  raaaarek  pcojeeu  aa  MM  bagaa a  aauaidvltp  analyst*  ad 
tka  at  facta  ad  critical  lapat  vortablea  aa  caabat  «aaalta*»*.  tka  MM  ground  coabat 
aakcaatlaa  aaaa  a  aiapla  haaogimwi*  Uackaacar  Bquotloe  dapoodent  upon  tka  aadlflad 
atreagth*  ad  tka  attacker  aad  daieadar  to  preface  attrltiaa.  tka  ala  ad  tka  cadet  pro¬ 
ject*  aaa  to  dataralaa  boo  each  ad  tka  leper  paraaatera  aadlflad  tka  etraagthe  ad  each 
caahataat  kafara  the  attrltiaa  aaa  aalcalatad  aad  aadlflad  tka  raaaltaat  ferae  leva la  aa 
a  faactlaa  ad  tlaa. 

the  effect*  of  each  of  tka  lapat  paraaatera  aaa  datarmlaad  bp  katk  aaparlaaatal  aaaljr 
■la  aad  aaalpala  of  tka  caabat  aakraatlaa  pregraaaiag  aada.  the  abject  ad  thee*  aaaly- 
aaa  aaa  ta  dataralaa  akatkar  tka  parattar  affactad  caabat  aa  predicted  bp  the  aource 
cad*  aad  tka  paaa  aaanala.  Ike  arparlaaaral  aaalpala  Involved  eaadacflag  fpar  aaparata 
battlaa  alaoltaaaaaalp  la  each  paaa  no.  Fear  bat  tlaa  aara  aaad  aa  aaa*  tlaa.  d  Soviet 
taak  Division  attacked  a  Heat  Ooraaa  draorad  Ualaiaa  la  each  battle.  Bach  rad-klee 
pair  aaa  placed  tea  kaaaa  apart  la  aa  laolatad  part  ad  the  aap.  la  each  raa  tka  tad 
(Soviet)  salt  aaald  aeva  lata  a  hex  adjacaat  ta  the  hie*  (Moot  Parana)  aalt  aad  caabat 
would  begin.  All  of  the  lapat  paraaatera  aara  held  caaateat  except  tka  parameter  aadar 
lavaatlpatlaa.  The  aaparlaaatal  aatpot  aa*  tka  attrltiaa  aaparlaaced  bp  aacb  aalt. 

Thia  aaa  thee  aaalpaad  ta  dataralaa  baa  each  lapat  per  aaa tar  affactad  caabat. 

tat  dally  It  aaa  pleaaad  ta  caadact  Mltlpla  mm  ad  each  aaporlaaat  ta  data  rain*  the 
atatiatieal  variance  af  tba  raaalta.  Shla  proved  aaaaeeaaarp  abaa  all  mm  ad  the  lai- 
tlal  aata  of  aspadaeata  aara  axactlp  tka  Mai,  ladapaadaat  ad  paaa  tlaa,  atartlap  tlaa 
or  peat  apnad  for  each  aat  af  lapat  paraaatera.  A  sabaeqwaot  aaalpala  af  the  aatlM 
caabat  aakraatlaa  ravoalad  tkat  ther*  aara  aat  a op  atochaatlc  olaaaata  lovolvad  la  the 
aetln  attrltiaa  pracaaa.  All  caabat  atraaptb  Mdlflara  aara  Aataraiaad  dlractlp  kp  tba 
valaaa  ad  the  lapat  valaaa.  All  Madia  caabat  attrltiaa  la  a  taaalt  ad  aadadaaa  ad  tka 
lapat  paraaat ara  kp  tka  plapar  ar  kp  ether  aafccaatlaM.  this  aada  mlrfplo  ruaa  ad  sack 
owparlaeat  aaaaaaaaary.  Oalp  cm  mm  am  aada  af  each  oaparlaaat  ta  laaara  tkat  tka 


tka  aourc*  aada  dor  the  caabat  subroatiaa  aaa  avaafaid  ta  predict  tba  affect*  af  aacb 
lapat  peraaatar  aad  ta  explain  aep  aeaeaal  raaalta.  After  meb  carafol  aaaaftaatlee,  the 
attrltiaa  praaaaa  beaaaa  carp  elear.  It  aaa  tkaa  paaalbla  ta  felloe  the  attrltiaa  pro- 
com  for  aap  a^apaeaat.  tka  attrltiaa  pMcaaa  faacdOM  axactlp  m  prapraaaiS  la  tka 


It  aaa  Mcaaaarp  to  aadar  a  tend  baa  the  Mil  attrition  procaaa  works  to  aada  ra  toad  bow 
the  Input  paraaatera  affect  coabat.  AU  unit*  an  assigned  a  caabat  power  value  In  the 
database.  During  coabat  this  power  la  aultipliad  bp  values  aaalpaad  to  oach  Input  para¬ 
aat  ar.  The  attrition  rata  la  generated  using  a  staple  boeogenaou*  lenebastar-tppe  dif¬ 
fer*  oca  aquation.  This  aquation  let 


Loss  •(  l.-(Pdaadlp  Polata-.OJ 


Poiata)  )«100 


Pelats  •  Obit  Strength  *  Madifplap  Paccar* 
laaa  *  Practlooal  dacraaaa  la  Halt  Straapth. 
Madifplap  factor*  -  Tka  eaaalaelve  affaec  af  the 
lapat  paraeatar*  (QMLT). 
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branches  that  could  be  considered  (a  branch  in  the  game  Is  any 
point  at  which  more  than  one  reasonable  course  of  action  can  be 
taken)  over  a  long  period  would  be  prohibitive.  Thus,  In  the 
near  term  of  a  game  nearly  all  reasonable  paths  should  be 
explored,  but  In  the  more  distant  time  probably  only  the  most 
likely  courses  of  action  should  be  considered. 

(d)  As  new  or  questionable  results  are  obtained  In  the  wargame 
the  circumstances  leading  to  these  results  would  be  examined  In 
the  large  fine  grained  model  to  verify  the  questioned  results. 
Should  there  be  differences,  then  the  coarse  grained  model 
would  be  readjusted  so  that  In  the  new  circumstances  general 
agreement  exists  with  the  fine-grained  model.  At  this  point 
the  spectrum  of  Issues  under  the  questioned  circumstances  would 
be  reexamined.  If  there  Is  no  variance  between  models  the 
analysis  continues  with  the  coarse  grained  model . 

(e)  Insights  gained  from  the  wargaming  are  reviewed  by  all 
three  gaming  teams  to  Interpret  them  Into  resource  require¬ 
ments  and  contingency  plans. 

b.  Operations  and  Time  Critical  Studies.  Characteristically,  this 
circumstance  is  thought  of  as  an  area  that  had  been  under  study  by  J-5 
plans  that  has  moved  to  crises  stage  In  which  actual  operations  are 
being  made.  J-3  becomes  proponent  for  the  analysis  where  the  J-3 
observers )  now  assume  the  role  as  the  proponent  team.  All  other 
teams  remain  as  before,  possibly  augmented.  Use  Is  made  of  the  prior 
analysis  and  resulting  plan.  Current  analysis  is  made  using  the  game 
reflecting  actual  disposition  of  forces.  Wirgemtng  Is  pursued  only 
Into  the  near  tens,  but  with  all  game  paths  considered.  One  would 
expect  frequent  recycling  of  the  game  where  the  base  data  Is  reset  to 
reflect  the  evolving  situation.  The  purpose  of  this  type  of  analysis 
would  be  to  provide  Insight  Into  what  immediate  courses  of  action  are 
available  to  an  adversary  so  that  maximum  use  can  be  made  of  contingency 
analysis  accomplished  In  the  planning  phase.  The  procedure  for  this 
type  analysis  would  follow  as  In  paragraph  a (2)  except  that  the  fine 
grained  model  would  not  be  employed. 

4.  The  McClIntlc  Theater  Model  as  a  Candidate  for  the  Coarse  Grained  Model. 

a.  (1)  The  McClIntlc  Theater  Model  Is  a  wargaming  method  that  Is  time 
responsive.  Complete  theater  exercises  have  been  examined  in  less 
than  4  weeks,  starting  from  problem  definition  and  data  base  loading 
through  game  completion. 

(2)  It  has  additional  appeal  because  It  Is  easily  altered.  Its 
architecture  handles  the  behavior  of  units  modularly.  The  level  of 
fidelity  and  the  formulas  for  Interaction  between  game  units  can  be 
changed  without  reconfiguring  the  MTM  base  structure. 

b.  The  current  subroutines  In  the  MTM  have  major  shortcomings  from  a 
studies  and  planning  perspective  (they  were  designed  to  support 
training  at  the  Army  War  College  and  high  fidelity  was  not  a  priority 
concern).  As  It  Is  currently  configured,  the  model  is  valuable  in 
providing  insights  Into  conflict..  However,  supporting  subroutines 
should  undergo  a  number  of  changes.  The  most  critical  are: 

Enclosure  A 


ft 


A  logistics  subroutine  should  be  written  that  will  reflect 
oglstlc  constraints  of  a  battle  field.  Mr.  MeClintlc  is  currently 
writing  one. 


5. 


(2)  Subroutines  that  better  play  the  air  war.  In  particular, 
surface-to-air  engagements  are  badly  represented.  There  are 
serious  flaws  In  the  air-to-air  defensive  subroutines. 

(3)  The  connunlcatlon  subroutine  should  be  Improved  so  that  the 
effect  of  communication  traffic  capacities  can  be  played.  Of 
particular  Importance  is  the  effect  of  destroying  relay  nodes  and 
the  effect  of  enemy  jamming. 

(♦}  The  attrition  calculation  must  be  Improved  so  that  there  is  a 
chain  of  logic  connecting  the  configuration  of  a  unit  to  its 
associated  attrition  parameters.  See  Annex  2  for  a  candidate. 

c.  An  Important  consideration  for  improving  the  MTM  Is  that  each  phase 

of  the  game  (ground,  air,  and  sea)  be  played  with  comparlable  gralnularlty. 
At  Annex  3,  Is  a  proposed  method  for  restructuring  the  MTM  subroutines 
to  address  this  concern. 

d.  One  very  Important  aspect  of  the  MTM  Is  that  Its  adaptlbllity 
allows  for  various  levels  of  gralnularlty.  That  Is,  one  is  able  to 
develop  a  family  of  subroutines  In  which  different  battle  resolutions 
can  be  gamed.  This  adaptlbllity  can  be  used  to  examine  the  full  range 
of  study,  and  planning  issues  and,  thereby,  further  recommending 

the  MTM  as  an  analytic  tool . 

The  MeClintlc  Theater  Model,  JCS,  and  SAGA. 

a.  Internal  SAGA  Organization  to  Support  the  MeClintlc  Theater  Model,  ' 


III 


Once  the  proponent  agency  (J-5,  0-3,  C3S)  for  a  plan/study  has 
breed  Its  team  and  has  established  an  opponent  team,  SAGA  provides 
a  control  team  consisting  of  analysts  from  the  appropriate  division 
(Strategic  Forces  Division,  Special  Studies  Divisions,  or  the 
Political  Military  Division)  a  Technical  Support  Olvlslon  Analyst, 
and  a  CCTC  el  ament.  Figure  2  Illustrates  the  full  gaming  structure. 


(SAGA  &  CCTC) 


CONTROL 
TEAM 


PROPONENT  (J3,J5,C3S,  etc) 
TEAM 


1 


'OPPOSING  (OIA.RPB,  etc) 
TEAM 


FIGURE  2 
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'  Th«  Control  Tom  serves  three  purposes.  One  to  translate  the 
qualitative  statement  of  the  Issue  to  be  examined  to  quantitative 
terms;  two,  to  determine  the  appropriate  tools  for  addressing  the 
quatltatlve  problmn  statement;  and  three,  to  initiate  the  data 
base  and  maintain  the  war  game  effort  A  principal  role  played  by 
the  control  terns  Is  that  of  quality  control.  It  Is  this  team's 
function  to  Insure  that  the  study  effort  remains  free  from  either 
of  the  opposing  teams  "exploiting  the  model.” 

(2)  Under  this  methodology  of  conducting  studies,  the  Technical 
support  01 vision  would  have  to  be  augmented,  by  at  least  two 
personnel . 

-  A  model  Interface  analyst  who  would  work  with  SAGA  Study  Analysts 
assisting  them  In  using  the  MTM.  He  would  serve  as  the  support 
broker  by  determining  and  coordinating  CCTC  resources. 

-  A  model  development  and  configuration  control  analyst  who  would 
oversee  the  development  of  needed  model  Improvements.  Additionally, 
this  analyst  would  keep  abreast  of  other  agencies  modifications  of 
the  MTM  for  evaluation  as  to  their  approprl ateness  with  the  existing 
version  of  the  HIM. 

b.  Administrative  Support. 

(1)  War  Gaming  facilities  would  be  required.  Two  possible  alterna¬ 
tives  are  a  centralized  facility  such  as  the  one  used  by  the 
Politico-Military  Division  or  a  decentralized  operation  requiring 
remote  computer  terminals  In  each  of  the  team  locations.  The 
latter  option  would  require  considerable  coordination. 

(2)  A  substantial  amount  of  programing  support  would  be  required 
of  CCTC.  An  Initial  bow  wave  requirement  would  exist  for  Imple¬ 
menting  the  model  on  JCS  computers.  In  addition  there  would  be  a 
continuing  requirement  to  service  the  model  during  gaming  (It  is 
expected  that  CCTC  personnel  would  provide  the  Interface  between 
the  analytic  teams  and  the  computer),  as  well  as  a  continuing 
requirement  to  update  and  Improve  the  model  as  the  need  occurs. 

c.  Computing  Hardware. 

(1)  If  M7M  Is  to  be  Implemented  and  used,  the  most  critical 
support  requirement  is  dedicated  computer  time.  Current  priority 
allocated  for  MTM  is  such  that  completing  just  Initial  moves 
requires  a  full  day;  an  effort  that  requires  a  matter  of  minutes 
at  the  Army  War  College  (where  dedicated  resources  are  available). 

No  effort  has  been  made  to  quantify  the  main  frame  requirements; 
however.  It  should  be  clear  that  If  very  many  JCS  study  efforts 
incorporate  war  gaming,  a  substantial  main  frame  resource  will  be  * 
required. 
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(2)  Current  remote  teralnel  hardware  needs  to  be  upgraded.  As  a 
minimus,  terminals  comparable  to  the  Techtronlcs  4054  with  dynamic 
graphic  option  should  be  adopted.  This  will  allow  for  quick,  accurate 
loading  of  the  base  data  for  a  game,  as  well  as  providing  the  analyst 
a  visual  picture  of  the  gane * s  current  status.  It  would  be  very 
desirable  that  the  terminals  have  a  light  pen  capability  that  will 
allow  data  to  be  entered  via  the  pen.  This  would  further  speed  a 
study  effort  and  would  Insure  more  accurate  Implementation  of  the 
analyst's  desires. 


{Mtt  /f  cvtWi 

/JOHN  R.  EDWARDS 
MAJ,  AD 
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ANNEX  1 

PROJECT  FOR  USHA  FACULTY 


1.  PROBLEM.  Qevelop  a  methodology  for  rapid  response  analysis: 

-  A  Methodology  Is  needed  for  short  term  (measured  In  days/weeks) 
analysis  of  contingency  plans  and  operations.  The  Chairman*  his 
military  assistant*  and  the  J-5  have  eaeh  remarked  that  SAGA's 
analyses  provide  detailed  study  at  the  expense  of  time*  a  critical 
resource  to  analysis  of  crisis  situations.  In  brief,  what  Is  needed 
is  a  methodology  which  will  permit  sound  analyses  that  result  In 
feasible,  alternative  courses  of  action  for  any  particular  crisis— 
and  most  Importantly,  the  methodology  must  be  able  to  provide  results 
to  senior  level  decisionmakers  In  sufficient  time  to  permit  decisions 
and  actions  that  can  effect  the  crisis  In  hand. 

2.  DISCUSSION.  The  methodology  should  address  the  following: 

-  Historical  background  of  the  crisis. 

•  Political,  economic,  and  cultural  constraints. 

-  A  range  of  possible  US  options— "do  nothing,"  diplomatic  action, 
military  aid,  military  Intervention,  ete. 

-  For  crises  for  which  the  US  may  net  be  directly  Involved,  Identify 
critical  points  which  may  prompt  -US  reaction  and  then  Identify  possible 
courses  of  action  to  follow.  * 

•  Resources  required  for  each  course  of  action. 

-  Impact  of  adopting  each  course  of  action  (on  other  plans,  policies, 
and  national  goals). 

-  Actions  necessary  to  end  the  crisis. 

-  Post-crisis  activities. 


a.  Written  proposal  outllng  a  methodology  for  rapid  response  analysis 
to  Include  Identification  of: 

-  Organization  and  Staffing. 

•  Administrative  Support. 

•  Analytical  Tools  and  Techniques. 

•  Computer  Support. 

•  Procedures  (flow  chart  of  action). 

d.  Demonstration  of  the* proposed^ methodology  applied,  ta  potential  (or 
actual)  cflsls  situation. 
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AN  ALTERNATE  ATTRITION  FORMULA 


1.  Homogenous  Opposing  Forets.  In  this  east*  taeh  forct  Is  considered 
to  have  one  type  of  weapon  with  whleh  to  attaek  the  other. 

a.  The  following  quantities  require  definition  to  develop  the 
attrition  formula  for  the  homogenous  case. 

th 

•  S  (t)  is  the  strength  of'the  1  force  at  time  t. 

1 

th 

•  A  (t)  represents  the  strength  of  the  1  force  element  that 

1 

Is  able  to  engage  the  opposing  force.  As  In  the  MTM*  this  models 
the  fact  that  It  takes  time  to  maneuver  a  unit  so  that  all  its 
forces  are  In  contact.  It  seems  that  Mr.  McCIIntlc's  approach 
Is  adequate  In  that  A  (t)  Increases  at  a  prescribed  rate  until  It 

1 

Is  equal  to  the  full  unit  strength. 


th 


Is  the  percentage  of  A^(t)  that  will  engage  an  j  type 

opposing  force.  This  parameter  reflects  among  other  things  the  state 
of  moral  In  the  unit  and  Its  level  of  training. 


th 

Is  the  rate  of  fire  of  the  weapon  used  by  the  1  force  against 

the  j-type  opposing  force.  This  parameter  Incorporates  the  probability 
of  target  acquisition. 

th 

•  p  Is  the  probability  of  single  shot  kill  by  an  1  force  weapon 
th 

against  a  4  force  target.  This  parameter  incorporates  the  probability 
of  correct  alm/launchlng*  probability  of  correct  weapon  functioning,  and 

th  th 

the  probability  of  a  j  force  kill  when  the  1  force  weapon  functions 
correctly. 


th  th. 

•  T  (t)  Is  the  number  of  1  force  targets  exposed  to  j  force 
14 

weapons.  This  number  depends  on  the  type  of  operation  undertaken  by 
th 

the  1  force  (offensive,  defensive.  Infiltration,  etc.)  and  the  type 
th 

of  4  force*  weapon-  (direct  fire,  indirect  fire,  etc.}.  The  values  for 
r  (t)  are  determined  by  theanalysts  and  vary  from  one  game  setting  to 
<4  ^ 

another.  - 


A13 


th 

b.  Calculation  of  the  attrition  against  the  j  force  exacted  by 
th 

the  1  force.  Define  M  (t)  by 

14 

M  (t)  •  min  «T  €  A  (t),  T  (t)  ). 

14  14  14  1  ji 


This  represents  the  rate  of  engagement  that  can  be  effected  by  the 
th  th 

1  force  against  the  J  force.  The  equation  states  that  the  number 
of  engagements  cannot  exceed  the  number  of  available  targets  presented 
th  th 

by  the  j  force.  The  number  of  j  force  targets  killed  during  the  time 
interval  t  to  t  +  t  Is  given  by 

Jft+  t 

'  p  M  dt.  (*) 
t  1J  1J 


In  the  special  case  where  A  (t)  ■  S  (t)  and  where  T  (t)  <  I  A  (t) 

1  1  ji  1j  14  1 

for  both  of  the  opposing  forces*  the  equation  (*)  Is  equivalent  to  the 
Lanchester  equations  of  attrition  under  his  square  rule.  Thus*  the 
approach  provides  somewhat  more  sensitivity  that  the  classical  Lanchester 
equations  while  still  retaining  a  consistency  with  them. 


c.  While  it  is  beyond  the  scope  of  this  study*  there  are  additional 
possibilities  for  Increasing  the* fidelity  of  the  model  by  allowing  the 
parameters  £..»?/ ,•*  and  T.,(t)  to  vary  with  dynamic  battle  conditions. 


For  example,  the  percentage  of  available  forces  that  will  use  their 
weapons  not  only  depends  on  the  units  state  of  training  and  state  of 
moral*  but  also  depends  on  the  amount  of  enemy  fire  the  unit  Is  receiving. 
Therefore,  one  might  express  £  (t)  as 

1J 

(o>  * 

where  C  la  the  maximum  percentage  that  will  engage*  and  m  is  the 
14  14 

minimum  percentage  that  will  engage.  The  parameter reflects  th& 

th  j 

analyst's  view  of  the  relatltlve  effect  of  4  force  munitions  on 
the  engaged  unit.  The  sum  In  the  argument  of  the  exponential  function 
thus,  represents  the  cumulative  effect  of  all  units  against  the  unit 
under  fire.  Each  of  the  parameters  ft  ,  and  T  (t)  could  be  handled  in 

14  14 

the  same  maimer. 
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2.  Hetrogeneous  Opposing  Forces.  In  this  case,  the  homogeneous  subforces 
of  each  side  are  compared  pair-wise  and  treated  as  in  paragraph  1.  The 
analyst  is  required  to  determine  what  portion  of  a  homogeneous  force 
element  Is  to  be  directed  against  the  various  opposing  force  homogeneous 
subelements.  That  is  to  say.  that  the  available  forced  for  one  component  of 
a  force  A  (t).  must  be  subdivided  into  J  parts.  A  (t)  where  j-  1. 

1  1J 

th  # 

where  A  (t)  represents  the  part  of  A  (t)  opposing  the  j  component  of  the 
1j  1 

opposing  force.  Thus,  the  analyst  Is  constrained  to  determine  parameters 
l  such  that  T  X  »  1  and  such  that  A  (t)  »  A  A  (t).  Thus  the 
*14  i  1J  1J  1J  1 

th 

kill  experienced  by  the  j  component  of  the  opposing  force  is 


X.(T-at) 

th  5 

where  K  (t  +±t)  is  the  kill  experienced  by  the  j  component  of  the 

th 

opposing  force  at  the  hands  of  the  1  force  component,  and  Is  determined 

by  equation  (*)  In  paragraph  1.  In  that  equation.  M  (t)  is  determined  by 

U 

M  (t)  -  min  (V  £  A  (t).  T  (t)  ). 

1J  1J  U  1j  J1 
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A2S2T  3:  A  candidate  Structure  for  the  Mcdlatic  Theater  Model 


l.  Ploying  daliants. 

a.  Direct  Combat  Elements 

(1)  Infantry  Battalion 

(2)  Armor  Battalion 

(3)  Armorad  Cavalry  Squadron 

(4)  Attack  Haleeoptsr 

b.  Combat  Support  Elements 

(1)  Artlllary  Battalion  (liatad  saparataly  by  weapon  type) 

(2)  do* a  Air  Support  Aireraft 

(3)  mtardictlon  Aircraft 

(4)  Esvsl  Combat  Vaaaal 

(2)  Irregular  Porea  Unit  (guar ilia  oparationa) 

(€)  Electronic  Warfare  Element 

-  Direction  Finding  Air  Craft/  Plraction  Finding  Ground  Felt 

c.  Combat  Sustaining  El  manta 

(1)  LAflatlc  storing/ tranahlpmont  Facilities 

(2)  Logistic  Katarials  by  typa  of  natarial.  Units  la  Battalion  Sira 
consumption  units. 

(3)  Transportation  Battalion 

(4)  Internal  Battalion  Trmsportation  11 an one a  (Material  Consuming  Bn's) 

(3)  Fain tan ante  Units:  Direct  Support  Units  and  Canarsl  Support  Units. 

( 6)  Saalif t  Vassal 

(?)  AAirlift  Aircraft/!talaeopt«r 

(5)  Enrineer  Battalion 


<?*.  Tore*  Prasarrinff  **laaotta 


(1)  Arsy  Air  T'af-sa.  Fira  TJait 

(2)  Coa*at  Air  Facrol  Aircraft 

(3)  Bafenairo  Camtit  Air  Aircraft 
(i.)  latere  Aircraft 

(3)  Hacrrenic  Warfare  ELaao&t,  j  earning  or  deceptive 


Coctat  Factor  a 
a.  tiaes  of  Cocrenication 

(t)  Bead  '‘tenor*:  road  ooality  aod  road  capacity 
(2)  Co— uric  at  lor,  ayataaa 

-  ro—aniaatiaaa  Ssdaa  (Gaaeoaicatloas  Caaters,  wlrelehsaralsys,  ate) 

-  tsdamatiaft  flaw  capacities 

v.  weather 

(i)  ^tMbility  factors 

.'!)  terrain  lapaat  faetocr 

f->  troop /Eaeipaaat  top— t  factors 

e.  Trrraia,  Id  ratify  apaclfla  daftaea  of  topaaaibllicy  that  art  corralaead  to 
traffic  vehicle#. 


"*  ***P*o  *ffntii  Each  playlet  ala— if  haa  aa  affact  that  it  csuaaa  agalaae 

..«>  o  chart  yisytay  at  aa— it .  TKa  Jafgae^r  da  tali  aoad  bp-  moor?  rated  into  shei 
«CW rise  f demise. 


A18 


A  UhTAlLKU  ANALYSIS  OK  THK  HCI.T.INTIC  TIIKATUK  MODKI. 
CKT.  HOttBKT  K.  UggS 


Department  of  Knuluuuring 
United  Statu*  Military  Academy 
West  Koine,  Now  York  10996 

The  rapid  analytical  capability  of  chu  McClintic  Theatre  Model 
(NTM)  make*  it  attractivo  for  uno  a*  a  force  planning  and  contin¬ 
gency  I'urcu  uunlyuls  tool.  A  prodont  Initial  atop  prior  lo  utili¬ 
sation  of  MTM  by  Clio  Off  leu  of  tin*  Joint  Cltiufu  of  Staff  (OJCS)  Is 
a  dutailud  analysis  of  Clio  income!  operations  end  imbedded  assuwp- 
ciona  of  tlw  model.  Tltia  raaaarch  efforc  provides  chat  analysis 
end  focuses  upon  wliutliur  MTM  perform)  ilie  f  one  cions  advertised  eiul 
wliudiur  those  functions  aru  modeled  using  credible  analytical  tech¬ 
niques.  Tills  analysis  did  reveal  curtain  uesily  emended  modeling 
infidelities.  Tlw  primary  conclusion,  however,  is  that  MTM  is  en 
anelycical  cool  which  possossas  considerable  potantlal  as  a  high- 
level  planning  and  decision  aid. 


1.  KURKOSB  AND  SCO KB  OK  MTM  RES BAUCH 

,y  Jena  19S1  the  McClintic  Thaatra  Medal  (MTM)  we*  receiving  widespread  uso  and  attention 
the  Army  analytical  community.  The  Studies,  Analysis,  and  Gaming  Agency  (SAGA),  Office 
the  Joint  Chiefs  of  Staff  (OJCS) ,  was  directed  to  conduct  an  independent  evaluation  of 
I  and  to  investigate  potential  uses  of  MTM  within  OJCS.  Major  John  Kdwnrds,  Department 
Mathematics,  United  States  Military  Academy,  performad  the  latter  tasking  while  on  su'.uuiur 
,« rush  Ip  with  SAGA  in  June,  19S1.  Also  on  summer  internship  with  SAGA  in  June,  J9SJ,  the 
;hor  was  asked  to  perform  the  independent  evaluation  of  MTM,  This  ruport  summarise*  that 
iprshsnsiv*  analysis  of  the  methodology,  structure,  and  algorithms  of  MTM. 

rhe  rapid  analytical  capability  of  the  McClintic  Theatre  Modal  (MTM)  makes  it  attractive 
r  use  as  a  force  planning  and  contunguncy  force  analysis  tool.  A  prudent  initial  slop 
lor  to  utilisation  of  MTM  by  OJCS  is  a  detailed  uimlyuiti  of  tlw  internal  operations  and 
judded  assumptions  of  chu  model.  Tills  research  effort  providus  that  analysis  and  focuses 
an  whether  MTM  performs  the  functions  advsrtissd  and  whsthsr  those  functions  aru  modeled 
ing  credible  analytical  techniques. 

fhe  scope  of  this  research  was  to  digest  available  MTM  documentation  and  previous  MTM 
iluations,  interview  Mr.  McClintic  and  observe  operation  of  MTM  at  the  Army  War  College, 
ire isc  the  SAGA  vorsion  of  MTM  on  «  current  contingency  scenario  and  on  smaller  test 
tnerlos,  and  analyse  in  depth  the  software  which  models  key  MTM  functions. 

It  is  iiupuriani  to  note  the  dynamic  nature  of  MTM.  Having  become  operational  in  19U0,  MTM 
a  vury  young  mudul  which  is  undergoing  rapid  refinement  in  response  Co  needs  expressed 
users  uf  thu  model.  Tills  rasuarch  effort  addresses  die  MTM  version  which  was  operational 
SAGA  in  Junu  19111.  Although  thu  model's  basic  structure  and  operation  remain  unchanged, 
ire  have  been  numerous  model ing  uniiancumvnls  since  Junu,  19U1.  The  author,  who  re  point  l - 
3,  has  addud  comments  regarding  tliuue  later  enhancements. 


2.  0VKHAI.1,  BVAUIATIUN  OK  MTM 

L lie  com. leu luu  ul  this  Investigative  effort  In  that  thu  McClintic  Theatre  Model  (MTM)  Is 
.inalylU.il  too  I  which  pouituuticu  cons  Ido  ruble  potential  uu  u  high-level  planning  ««d  duvl- 
3ii  aid. 

Vhu  brilliance  of  MTM  lies  in  Clsi  top-down,  modular  structure  which  allows  for  many  unique 
repgths  such  as  uaso  of  operation,  rapid  execution  uf  time,  adaptability  lo  new  ruqu Ire¬ 
nes,  and  minimal  data  pre|>aratiuii  time.  Given  liutuv  strengths,  MTM  is  a  particularly 
luablu  tuol  for  quickly  idontifying  feasible  alternatives  in  a  planning  or  operatinu.il 
cnarie. 


iunt  dilliculty,  easily  amended  over  time,  in  the  oversimplistic  modeling  techniques 
id  within  certain  KTM  subroutines.  Annoxoa  A  through  H  contain  an  anAlyaia  and  re¬ 
ed  mud  if  t  cut  inn  of  some  of  the  key  KTM  subroutines.  Annex  I  contains  n  Kunwmry  of 
edifications  which  will  eliminate  muny  *»l  the  difficulties.  These  current  mode  liny, 
files,  however,  ahould  not  overshadow  tint  superb  modeling  und  unulyaia  performed 
by  Mr.  McClintic  and  other  analyata  at  the  Army  War  Collage.  As  resources  permit, 
ular  subroutines  in  which  deficiencies  exist  con  be  refined. 


ANNEX  A  -  MTU  METHODOLOGY  AND  ORGANIZATION 

I  is  a  hybrid  analytic/simulation/wargamu  combat  model.  As  such,  certain  combat  func- 
ro  depleted  by  mnthomnticnl  equations  (analytic)  whereas  others  are  represented  by 
sun  of  random  number u  with  assigned  prehnhl i itien  (simulation).  Additionally,  Che 
ig  ducisien  makers  are  afforded  active  participation  in  tins  conduct  of  the  conflict 
ta) . 

I'M  was  designed  by  Mr.  Prod  McClintic  at  thu  Army  War  College  (AWC)  in  1VM0.  The 
l  ebjectlves  lor  development  of  the  model  wure  to  enhance  the  AWC  warguming  curriculum 
assist  with  the  AWC  Tactical  Cowmund  Read  Incus  Program.  Additionally,  MTU  found 
its  In  the  Army  Chief  of  Staffs  Contingency  Planning  Seminar  in  November  1980.  Since 
Ima  MTM  hae  boon  utilised  by  numerous  DO 0  analytical  agencies  and  operational  units 
Iiik  tin*  Strategic  Studies  Institute  (SSI),  Koadinoss  Command  and  Rapid  Deployment 
(KEUCOM,  KDJTP),  North  Atlantic  Treaty  OrKunisution  (NATO),  U.S.  Army  Kuropu 
UR),  and  other  agencies  included  in  Pigure  1. 


MTM 

(NcCUNTIC  THEATRE  WOOED 


★  HYBRID 


ANALYTIC 

SIMULATION 

WJUIGHHC 


CQHBAT  MODEL 


★  YOUNG.  DYNAMIC  MODEL 

★  MTM  USERS 


MR,  PRCD  MCCLINTIC  ANC  1980 


•AUC  (TACTICAL  COMMAND  READINESS#  CURRICULUM) 


•CSA  ( CONTINGENCY  PLANS I N6  SEMINAR >  NO V  80) 


•VII  CORPS  (COLD  REASON.  APR  81) 


•REDCQH/ROF  (jul  81)' 

•SSI  (PARAMETRIC  PORCE  AHALYSIS  STUDY) 

•KATO  (Of NEVA  PROTOCOLS) 

•SAGA  *TREM  *USMA(umivac)  *CASAA  *CAA  ’others? 
★  EVALUATION  OF  MTM 

EXCELLENT  COMPUTER  ARCHITECTURE 
HEEDS  SOME  MODELING  REFINEMENTS 

VALUABLE  TOOL  M/  NUMEROUS  USES 


Pigure  1. 
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KCCUMMI.HI)  AT  l  OH 

Make  unit  thrushhuids  mission  dependent . 

Convert  fro*  throshbold  to  breakpoint  terminology. 

Include  cluuw  ulc  support  and  (utui'dift  ion  dependencies 
0(10(1  target  vulnerability  and  weapon  lethality » 

U*u  metric  convention  with  all  distance  measure*. 

(Wluw  lor  tree  form  input  to  yiKST  data  initialisation 

routine,  (accomplished  since  dune  IVBl) 

include  additional  terrain/burrier  effect*  in  K1‘M. 

include  force  t  ralning/uf  f  iciuncy  done  rip  cor  for  v.irb 
unit. 

Continue  uffwvtti  to  complement  MTH  wiiti  utntu-ol-tUv- 
art  graphics. 
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Annex  U 
Section 
Annex  D 
Sue  v  i  (>n 
Annex  K 
Section 
Annex  A 
Section 
Annex  A 
Section 
Annex  A 
Section 
Annex  A 
iieei  inn 
Annex  li 
Suction 
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I  I  .A 
it.t: 


ll.D 


m. 


iv. 


amenta cion/ Implementation  of  HTM  Hod  If  lent  lone.  A.  Because  of  the  uuweroua  ud- 
u(  HIM,  there  are  many  "customers"  wlto  deeVrw  Co  uae  cite  modal.  Tit i n  iw  a  mixed 
Certainly,  tint  uae  and  critique  of  MTM  by  numuroua  OOQ  eiomonta  are  helpful  In 
ament  of  the  model.  On  the  other  hand,  care  muet  bo  taken  to  inxure  that  such 
y  done  not  degrade  Che  model  becauea  of  failure  to  maintain  neceaaary  model  Uocu- 
«  or  failure  tu  implement  medificutlona  in  »  ayMtematic  aixl  beneficial  manner.  An 
»  meet  tun,  to  bo  attondud  by  the  numoronx  uaura  of  MTM  throughout  1X»>,  haw  been 
a  for  dune  19112  at  chu  Army  War  Col luge.  Continuing  uaur  liaison  of  this  nature 
eyed  MTM  documentation  iw  aaaantiai  for  orderly  expansion  of  the  MTM  endeavor. 

KkPkHKNCKS 

i.  Army  War  Collage,  McCllntjc  Theatre  Model  IV).  Vol  1  (War  Came  Director’s  Manual), 
July  1981. 

S.  Army  War  College,  WcCUntlc  Thuutru  Modal  IV).  Vol  ll  (User’s  Manual),  t'J  Juiy 
81. 

S.  Army  war  College,  McCUntlc  theatre  Model  (U) .  Vol  lit  (Controller's  Honuol),  17 
.ly  mi.  ' 

S.  Army  War  Cullegu,  McClluctc  Theatre  Model  (U) . 
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(.i.iphn.ii  Capabilities .  A.  MTM  iu  designed  to  bo  compatible  with  curtain  useful  com- 
ur  graphic*  technologies.  Th«  Amy  War  College  hoe  experimented  with  graphic  tab  Luca  on 
ch  to  input  orders  (rather  than  using  terminals).  Thaaa  worked  well,  but  weru  not  Urge 
ugh  to  cover  the  entire  theatre  area  of  operations*  Thun,  their  use  has  been  curtailed 
thu  1 1  «v  being.  If  larger  graphic  Cob  let  h  could  bo  obtained,  tliiw  Motlu  of  uperul  Ion 
cam  pruferabiu. 

A  one-color  graphics  progrow  which  printa  out  all  terrain  and  barrier  Information  han 
von  very  helpful  In  visualising  Cho  terrain  and  identifying  data  base  errors. 

A  multi-color  graphics  program  lias  boon  developed  for  Che  APPL8  micro  computer,  but  else 
the  symbols  is  coo  largo  to  permit  display  of  a  large  sector. 

Thu  Army  War  College  and  other  MTM  users  recognise  the  value  of  graphic  capabilities 
continue  to  Investigate  their  feasibility.  HTM,  in  particular,  is  a  modul  which  would 
gruatly  uniiaucud  by  linkage  with  etutu-of-chu-urt  graphics. 


ANNEX  ||  -  ADDITIONAL  HTM  FUNCTIONS 

iiiiMisus  A  through  C  present  those  functions  of  MTM  which  wure  investigated  in  great  de- 
l.  As  statod  in  Section  111,  Annex  A,  MTM  purports  to  model  numerous  othor  combat  func- 
>ne.  Mather  chan  misrepresent  or  unfairly  criticise  MTM  in  these  areas,  reference  U  made 
the  current  MTM  documentation.  References  i  through  3. 

t  is  anticipated  that  close  scrutiny  of  chose  other  MTM  functions  will  reveal  the  neod 
•  refinement#  similar  in  nature  to  those  already  suggested.  For  example,  the  nuclear 
I  chemical  routines  (which  depict  this  aspect  of  the  battle  In  e  very  genoral,  parametric 
ise)  will  undoubtedly  need  revision  to  accommodate  scenarios  requiring  greater  sensitivity 
nuclear  and  chemical  issues.  Fortunately,  HTM  aaems  to  easily  adapt  to  such  requlromonta. 


ANNEX  1  -  CONSOLIDATION  OF  MTM  RK COMMENDATIONS 

Currant  Army  Wsr  CoUsss  HTHImprovsnont  Plan.  The  current  Army  War  Collage  (AWC)  MTM 
tel  improvement  plea  obtained  from  Mr.  McCllntlc,  consists  of  the  following  deslrsd  modi- 
:stions: 

A.  Ownership  ef  minefields  by  -RKD  ur  BLUR  forces  (currently  a  unit  has  nu  nbllLty 
to  pasa  through  a  friendly  minefield). 

#  u.  Separate  arrays  for  minefields,  cwucamlnation,  etc.;  inuteud  of  packing  Into 
the  TRR  array. 

C.  Combat  Multipliers  for  flanking  operations. 

U.  Scramble  Defensive  Counterair  (DCA)  aircraft  to  engage  penetrating  aircraft. 

K.  IKJA  ever  u  unit  (aircraft  carriers). 

MTM  Mecoeeeondatlona.  A  summary  of  the  MTM  recommendations  resulting  from  this  invos- 
4-> t i vu  uffort  are  catalogued  belowi 

RECOMMENDATION 

A.  Inclusion  of  capability  for  user  to  input  mucro  or  eticro 
routing  instructions. 

g.  1'e roam tr tea liy  address  routing  conflicts  and  transport 
system  degradation. 

C.  Utilise  adversary  dependent  attrition  factors. 

I).  Tunc  lliu  current  attrition  equations  by  altering  tin* 
attrition  factor,  rather  than  Increonlng  thu  battle 
time. 

K.  Conduct  additional  ruuvarcb  on  attrition  uquntlunn.  In 
either  cose,  Innuru  that  boundary  uouditlunu  (unnilii- 
latlun  and  disparate  feree  levels)  are  proporly  deult 
with. 

f.  Hako  Artillery  ussoesaHWtu  uunuttlvu  to  the  vulnerability 
of  the  target  engaged. 

C.  Make  artillery  assessments  sennltlvu  to  the  lethality 
of  the  munitions  used. 


KKKKMENCK 

Annox  C 
Section  ll.C 
Annex  C 
Section  ll.D 
Annex  D 
Section  I.B 
Annex  I) 

Section  I.U 

Annex  I) 

Section  I.K  and  K 


Annex  I) 
Suction  l.(i') 
Annex  I) 
Section  I . CA 


SUJiJjran 


a 


lot  Uepicl  logistics  in  a  realistic  fashion,  but  ut  iuust  it  emphasise*  the  iM|turuiwv 
•  constraint*  of  logistics  upon  ces&ut  operation*. 

tu  only  aspect  of  "maintenance"  depicted  in  NTM  ia  u  parametric  truuCMunt  of  aircraft 
ibility.  In  actuality,  this  represent*  tlw  aval  lability  uoMpuitunC  of  KAM.  Tlu-  mi  lu¬ 
te  anil  rol  lability  component*  aro  not  impeded. 

iiiuuiocU  Sustainability  Version  of  HTH.  KTM  ia  currently  being  prepared  for  a  Kuadinua* 
nd  (MKlJcuM)  exorcise  in  Into  July.  In  rusponao  to  KKDCOH  requests,  I'ivo  classes  of 
y,  additional  KAM  coneidu rat Iona,  and  auru  rualiatic  ruaupply  oporutiona  are  being 
tu  HIM.  Ttiu  wore  rualiatic  reaupply  oporutiona  will  includu  craiiaportation  capacity 
raincs,  partial  simulation  of  a  reaupply  outwork,  and  croas-ieveiing  of  auppiiua  be- 
unita.  Tliuau  HKDCOM  additiona  will  greatly  enhance  KTM' a  eunaitivity  to  logiatic 
dvrationa  and  way  be  included  aa  a  poraaiu’iit  addition  to  NTH  nr  aa  a  modular  inaert  for 
a  analysing  Iwglullcu  imiueii.  Tlilu  duterwiiiai  inn  will  bo  wude  ful  lowing  ciasp let  inn  el 
gllCOM  uxurcioe. 


ANNEX  C  -  KTM  INTKKKACK  WITH  TIIK  UtfBK 

lauy  of  the  inturf acua  butwoun  KTM  and  tbu  uaor  have  been  diacuaaud  in  previoua  annexes, 
aspect  of  KTM  ia  ao  unique ,  however,  chat  It  deaervea  aeperece  attention.  KTM  ie  ex¬ 
fly  uaor  friendly.  Thin  quality  a 1 Iowa  Chu  uaor  to  wroatle  with  tho  aubacentivo  iaauua 
iw  war game,  r.itliur  than  with  complex  wauuui  gaming  rulow  or  I  tit  iwidut  lug  cnwpuier  Iii- 
itivin,. 

Input  into  HTH.  A.  The  input  of  initial  data  into  KTM  was  deacribed  in  Annex  U. 

Juring  the  conduct  of  a  wargawu,  input  of  ordura  into  KIN  ia  purfonaad  interactive ly. 
sill  query  tho  uaor  for  infonsotion  and  tbu  uaor  wiii  ruapond  with  corculn  key  wnrda 
aa  HUVX,  PIKK,  utc.  A  cowpioto  iiating  of  tboao  kay  words  ia  in  Hul'uruncu  2.  Inter- 
y,  KTM  writes  this  input  on  tho  appropriate  INttUi  or  INKED  (Hit,  periodically  scans  this 
t  file,  and  uses  IP  statement*  to  dir act  execution  to  the  appropriate  orders  subroutine. 

The  controller  can  also  enter  numerous  comm mid*  in  MM.  tty  typing  IIKLP,  ho  receive*  a 
of  these  cowownda. 

My.ipui.  .  JjW*.  *!25'  A*  KTM  periodically  rot  urns  intelligence  to  tho  plnyora.  This  in- 
Igoiicv  In  either  gwiiurntud  by  KTM  becaiwu  uf  ciaabnt  uc Ilona  (movement,  uttrilinu,  ole.) 
y  the  player  (ruquuut  (or  tins  buttle  time,  til  motion  report,  etc.).  Tlilu  out  pul  in 
eru  is  u  to  rod  on  appropriate  OTbLU  and  UTKKI)  files  as  it  is  gunuruted  by  MTM.  It  i>. 

printed  on  the  players  terminal  at  tha  designated  daw  in  the  battle.  This  out-filu 
cturu  also  provides  a  valuable  RESTART  capability. 

Thu  MTM  K&STAKT  capability  allows  the  gam*  tu  bw  stopped  and  continuud  tutor  with  tho 
battle  situation.  It  ia  also  a  gpod  protection  against  system  crashes.  This  restart 
bilicy  was  used  affectively  during  the  teat  scenario  runs.  Internally,  tha  current 
U,  OTIOiU,  HU  I uc tod  unit  attributes,  and  unit  locations  ora  saved  into  the  permanent 
uvury  ft  minutes  uf  actual  time. 

At  thu  end  uf  a  wurgumo,  KTM  utilises  data  which  lias  beun  colluctud  in  TALLY  to  compute 
urea  of  effectiveness  (MOtta).  ■  Tha  MORa  which  TALLY  currently  computes  are  ss  follow at 

1.  square  miles  vs  time 

2.  strength  remaining  vs  time 
1.  X  initial  strength  vs  tiaw 
I.  aircraft  remaining  vs  time 

i.  f  uf  bullies  Initiated  (Initiative) 

0.  X  uf  fwrcuu  uncommitted  (flexibility) 

liuiiolly,  a  cumpietw  ruudout  uf  unit  wtutu uvu  I u  pruvidud. 

MTM  u»uu  tlw  iitnndard  WWMCCS  graphics  package,  UXPSY,  tu  display  the  Minis  graphically 
histograms,  pie  charts,  graphs,  ate. 

A  modification  currently  being  programmed  by  Mr,  NcClintic  ia  to  itiiow  fur  dynamic  ob- 
>ation  of  results.  This  would  allow  tho  controller  Co  obtain  statistical  data  and  grupli- 
uutput  during  the  course  uf  the  werggmm  rather  chon  at  tbu  end.  This  will  be  a  vulu- 
i  contribution  to  MM. 
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capability  until  it  can  reorient  itself  in  the  direction  of  the  attack.  Title  modification 
represents  an  important  improvement  to  Mm.  The  ease  with  which  the  modification  can  be 
made  attest*  to  the  flexibility  of  MTH. 


ANNKX  B 


I .  MTM  Air  Combat  Modeling 

A.  This  annex  addrosses  the  modeling  of  air  assots  and  air  defense  aeeete  in  MTM.  Analysis 
of  these  elements  is  abbreviated  because  the  air  related  subroutines  in  MTM  are  currently 
undergoing  a  major  revision.  The  original  McCllneic  model  did  not  play  the  air  battle  to  a 
sufficient  degree  of  detail.  The  current  revisions  will  correct  numerous  doficioncles  in 
lint  air  buttlu.  Subsequent  paragraphs  will  nddreas  MTM  nlr  battle  (ns  amended) and  will 
wllhhuld  uvuiuai lomi  of  thomi  roviitiouu  until  thu  process  is  completed. 


B.  Air-to-air  Engagements.  Air-to-air  combat  is  portrayed  by  Tighter  aircraft  with  the  mis¬ 
sions  of  combat  air  patrol  (CAP),  defensive  counterair  (DCA),  or  escort  (RHG).  All  fighters 
arc  assigned  to  units  with  CAP,  DCA,  or  BSC  missions.  CAP  uuitu  patrol  a  largu  arua  and  in¬ 
tersect  penetrating  aircraft  with  a  small  percentage  of  their  combat  power.  DCA  unite  de¬ 
fend  specific  eltee  and,  under  Che  revision,  scramble  their  aircraft  to  combat  incoming 
hostile  aircraft.  This  will  require  the  incorporation  of  decoction  functions,  incorsoct 
calculation  aquations,  and  undgamo  considerations  (probably  of  detoct/hlt/kili)  into  MTM. 

C.  Air- co-surface  Engagements.  1.  Close  air  support  and  Interdiction  are  modeled  in  a 
fashion  similar  to  artillery.  Bach  type  of  aircraft  has  a  lethality  parameter  which  deter¬ 
mines  cha  amount  of  attrition  to  be  uniformly  applied  to  ell  unite  in  tho  target  hex.  The 
comments  of  Annex  K,  Section  C,  regarding  munition  end  target  vulnerability  depandonclos 
apply  here  as  well. 

2.  Another  interaction  between  air  and  ground  elements  is  aerial  reconnaissance  (RKCCK). 
when  an  aircraft  overflies  a  hex  containing  onamy  units,  the  RXCON  subroutine  draws  a  ran¬ 
dom  number  and  comparae  it  with  a  specified  detection  probability.  IT  tho  random  number 
exceeds  chs  probability;  the  ground  unit  is  detected,  the  unit's  sise  ns  estimated  (using 
the  seme  random  number),  end  this  information  is  transmitted  Co  the  appropriate  commander. 

1.  Two  other  factors  are  being  Included  by  Nr.  MeClintle  in  die  current  nir  battle  revi- 
•t iuii.  PlrtiL  wf  all,  secondary  target  opportunities  are  being  included  for  all  aircraft. 
Secondly ,  a  quuuelng  eyutum  fur  air  orders, is  being  instituted  to  allow  ulr  ordure  tu  ac¬ 
cumulate  and  be  executed  es  aircraft  become  available. 

u.  Sur faco-to-Alr  KneoBomente.  1.  MTM  probablistlcally  attrltee  aircraft  overflying  a  hex 
occupied  by  heetile  units.  This  attrition  is  uniform  regardless  of  the  typo  of  unit  ovar- 
f  luwn.  This  le  the  only  type  of  air  defense  function  modeled  by  MTM  and  is  moot  akin  to 
ground  fire  from  smell  arms. 

2.  MTM  ituuH  not  simulate  tliu  tine  of  air  defunsu  artillery  (ADA)  aseuia.  To  tlo  thin.  MTM 
muui  assign  a  much  gruater  lethality  against  aircraft  to  ADA  unite  and  extend  the  area  of 
inf luunca  outside  of  the  hox  to  reflect  the  proper' detection  and  engagements  ranges  of  an 
ADA  unlc.  This  MTM  Inability  to  play  ADA  asaats  la  a  significant  shortcoming  end  has  limited 
NTM'a  applicability  to  current  scenarios,  particularly  in  the  Middle  Bast  where  modallng  of 
.Syrian  SAM  alien  In  eontrnl  to  thu  anolynln.  It  In  recommended  that  thin  modeling  of  ADA 

in  KTM  be  given  a  high  priority. 

K.  Lift  Aenetn.  MTM  models  holicoptor  nod  transport  aircraft  life  assets.  Thin  function 
wnn  nut  investigated  In  depth.  A  brief  description  le  contained  in  Kafortmce  I. 


ANNKX  V 


I .  nth  Subs t ant  lability  Considerations 

A.  Current  Version  uf  MTM.  The  currauC  vliilon  of  MTM  depicts  throe  classes  of  supply  (HOI., 
Ammefand  other)  and  maintenance  to  a  iimitud  degree. 

i.  The  three  classes  uf  supply  are  stockpiled  nt  n  hypothetical  dopoc.  Bach  unit  a  I  no 
puhMisHon  a  basic  load  of  supplies  which  are  reduced  by  movement,  combat,  and  tlwu.  Units 
failing  to  respond  properly  experience  movomeut,  combat,  and  timo.  Units  failing  lo  re¬ 
ally  properly  experience  omvsmont  and  combat  power-  degradations.  The  prosont  MTM 
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HIM  An 1 1  jury  Assessment .  1.  Ait  muutioucd  in  Section  i •  A.  uf  thin  annex,  artillery 
unner*ly  at  frits  nil  uai.C«  in  its  target  hex.  Hera  epee ir lea i  |y,  MTM  wiil  firm  ineure 
that  range  ami  .uamunition  constraints  are  satisfied.  If  xu,  MTH  "firuH"  the  artillery  from 
an  artillery  unit  to  a  target  at  a  specified  lime  fur  a  spue I f led  mi«hvr  uf  valley*.  An 
immediate  lire  order  experiences  a  IS  Minute  delay  until  execution  ol  llie  I  I  rut  volley  and 
a  i  minute  delay  between  subsequent  volleys.  MTM  flexibility  ai lows  fur  e.oty  variation  ol 
these  time  delay  lac  tore. 

i.  There  are  several  results  produced  by  artillery  impacting  In  the  target  hex.  First  ol 
all,  all  unltN  in  tliat  hex  are  attritud  uniformly  according  Co  an  artillery  lethal i t y  para¬ 
meter  assigned  to  each  artillery  unit.  The  parameter  designates  Che  fraction  of  ita  com¬ 
bat  strength  that  would  be  accrited  by  one  full  volley  impacting  on  a  unit  in  the  target 
hex. 

j.  It  ie  recummendud  that  the  artillery  assessment  prucedureu  be  mudlfieU  in  two  waya. 

First,  artillery  impacting  on  a  heterogeneous  group  of  unitu  done  not  in  reality  attrlt  all 
unite  in  tliat  group  equally.  Sumo  unite  are  obviouuiy  more  vulnerable  to  nrtiliory  than 
are  otliora.  Ax  MTH  exists  now,  an  iimmunition  depot  and  an  armor  unit  suffer  liic  same  level 
of  attrition  from  like  artillery  attacks.  There  are  several  tucluiii|uoH  which  could  currecl 
this  difficulty  iu  MTM.  One  fouslbie  approach  la  tiia  expansion  of  the  artillery  lethality 
parameter  lute  a  vector  which  rofiectu  the  lethality  of  tliat  typo  of  artillery  against  dif¬ 
ferent  types  of  units  or  dlffaront  target  vulnerability  catogorioa, 

A •  The  second  recommended  modification  to  the  MTH  artillery  assessment  routine  involves 
weapon  lethality  consideration.  At  preeant,  MTM  duos  not  consider  the  typo  of  ammunition 
fired  by  tho  artillery.  Laser  guided  projectiles,  conventional  high  explosive  munitions, 
and  smoke  rounds  affect  the  targeted  unit  differently.  Present  technology  does  not  afford 
the  luxury  of  modeling  thorn  all  the  same.  Consequently,  the  lethality  of  artillery  volleys 
should  be  gauged  according  to  the  type  ef  munition  uoud.  Title  cone  idem  t  ion  expands  the 
lethality  vector  (mentioned  above)  into  e  lethality  matrix  which  pruvlduw  a  value  fur  each 
target /monitions  combination. 

i.  MTM  also  delays  ail  moving  unite  impacted  by  artillery  for  a  specified  lime.  The  cur¬ 
rent  delay  time  ie  20  minutes. 

H.  Wlthdrewal/Threehholda.  1.  MSN  requires  units  to  withdraw  from  a  battle  when  they  are 
accrued  to  a  cliruahhold  level.  A  unit  Chreahhold  la  defined  by  MTM  to  mean  the  fraction 
uf  casualties  that  a  unit /commander  ie  willing  to  suffer  prior  to  withdrawal.  Thrcsldiold 

is  the  mathematical  complement  of  the  mere  familiar  term,  breakpoint,  breakpoint  Is  defined 
as  the  level  uf  attrition  at  which  the  eel t/cemm under  will  be  forced  to  withdraw.  Thu  MTM 
unit  ihrusldiwld  vaiuoe  are  sutured  by  the  user  when  exercising  the  ancillary  MTM  Data  base 
Preparation  Program.  Had  or  blue  Commando re  may  selectively  change  unit  threshholds  during 
the  course  of  a  MTH  run.  Tliroehhold  values,  when  net  preempted  by  user  input,  are  initial¬ 
ised  as  fellows: 

Special  Opn  Unit  .9 

Air  Perce  Unit  .  I 

All  other  Units  .5 

i.  Historically,  combat  modeling  broakpuiut  (or  chroshliold)  values  have  bcou  observed  lu 
be  mission  dependent.  The  majority  of  today's  cumbut  models  recognise  this  fact  and  assign 
different  unit  ilirueliho Ids  for  different  uuit  missions,  ginco  MTM  does  not  assign  missions 
to  units,  accommodation  of  this  factor  in  MTM  is  nut  et might  forward.  It  Is  rccummciulvd , 
new ever,  tliat  MTM  address  Clio  mission  dependent  ihrcxhhold  issue  by  lowering  a  unit's  throxh- 
iiuld  (raising  its  breakpoint)  as  It  acquires  mure  time  in  a  hex,  thus  depicting  its  incruueod 
defensive  pexturu. 

I.  A  cosmetic  change  which  wuuld  muku  l  lie  model  mure  "user  friendly"  I’er  I  he  dee  iuiotimuker 
is  conversion  to  tho  more  familiar  and  Intuitive  Ureakpwliit  terminology. 

1.  Hull  iple  Unit  Kugagemuulu  _l_n  HfM.  Attrlt  Ion  ra  lew  lot  lone  become  more  temple*  at.  mere 
titan  two  units  become  involved  In  a  battle,  <Jee»i  lens  such  as  a  "who  fights  who?"  quickly 
arise.  To  handle  this  situation,  HfM  simply  sums  the  combat  values  for  all  KKI)  and  all 
iil.UK  units  involved  In  the  battle.  It  then  performs  the  attrition  compute t Ioiih  with  lliese 
•*p.il legate  combat  values.  Tills  approach  is  aptiruprialc  fur  n  model  such  uv  HIM. 

I.  Flanking  Movements/ Unit  Orientation.  In  response  to  rucommoiidacioiis  from  corps  command¬ 
ers,-^.  HcC  Untie  la  presently  modifying  MTM  to  account  for  tho  possibility  of  flank  lug 
movements.  To  dw  this  he  ie  including  a  unit  or  imitation  parameter.  Utilising  this  para¬ 
meter  a  unit  which  is  attacked  on  a  flank  or  from  the  rear  will) experience  degfaded  combat 
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ANNEX  D 


A.  HTM  depicts  luud  cwbat  using  a  low  resolution  firepower  score  approach.  Itattlo  in  en- 
juiucd  when  two  adversaries  occupy  the  com  hex  or  adjacent  hexes.  Rased  upon  the  relative 
combat  wvight*  of  the  opposing  units,  MTM  decrements  each  unit  perlodicnliy  to  reflect  bnt- 
tlu  attrition.  Tlw  battle  ends  when  one  of  the  units  is  forced  to  withdraw  because  of  the 
attrition  of  a  specified  percentage  of  its  original  strength.  Artillery,  also  a  source  of 
attrition  in  the  land  battle,  uniformly  attrlts  ail  units  in  its  target  hex.  Ocher  factors, 
to  be  discussed,  similarly  degrade  the  combat  vniue  of  affactod  units.  The  above  synopsis 
of  land  cambut  modeling  in  HTM  will  be  expanded  In  sobsaquent  paragraphs. 

tt.  Tliu  combat  vuluuu  utilised  in  HTM  are  merely  t|umici tucivu  aesoKumonts  of  a  unit's  capa¬ 
bility  to  wage  combat  against  the  unumy.  Any  number  of  different  Cirapowar  score  conven¬ 
tions  (WBl/WUVs,  for  instance)  are  useable  in  the  MTM  attrition  formulas.  At  present  MTM 
cannot  accommodate  combat  value  dependencies  upon  unit  or  mission  type.  Regarding  depen¬ 
dency  upon  unit  typo,  consider  Che  situation  In  which  "unnatural  adversaries"  such  as  ar- 
i 11 lory  and  armor  wage  combat  at  close  ranges,  in  this  case,  thu  armor  shock  uccion  and  in¬ 
vulnerability  to  direct  fire  artillery  would  dictate  different  levels  and  races  of  attrition 
than  with  more  conventional  combat,  such  as  armor  against  armor.  Similarly,  close  combat 
betwvon  nrtlllory  and  dismounted  infantry  would  result  in  different  lovels  and  ratus  of 
aiirlliun  on  both  sides.  These  examples  illustrate  a  definite  unit  type  dependency  In  at¬ 
trition  calculations  which  should  be  mode lad  appropriately.  To  do  this  in  MTM  would  re¬ 
quire  storage  of  adversary  dependent  attrition  rats  coefficients  for  each  unit.  Consider¬ 
ing  the  small  number  of  unit  types  in  MTM,  this  modification  would  not  significantly  degrade 
execution  time  or  memory  requirements.  For  those  familiar  with  Lanchostor  models  of  combat, 
this  change  would  establish  s  heterogeneous  attrition  capability  in  lieu  of  tho  present 
homogeneous  technique. 


C.  As  mentioned  above,  mission  typo  dependencies  are  sloe  not  portrayed  by  MTM.  For  ex¬ 
ample,  combat  betweon  an  attacker  and  a  defender  of  equal  strengths  will  gonorally  rosult 
in  much  higher  attrition  of  tho  attacker.  Thun,  s  unit's  attrition  rate  le  dependent  upon 
its  mission.  MTM  dooo  not  assign  missions  to  units.  Conssquontly,  MTM  cannot  explicitly 
modal  this  dependency,  but  does  increase  s  unit's  combat  power  according  to  the  time  it  two 
occupied  tho  hex  affected  by  tho  battle.  This  technique,  given  proper  tuning  of  ita  para- 
motor  a,  appears  to  be  satisfactory. 

b.  As  mum  lotted  uurlier,  MTM  decrements  eecli  unit  perideically  to  rufloct  buttle  attrition. 
To  do  this  MTM  utilises  cha  following  attrition  formula! 

*  ;ng«dto-toj*  ,  |i .  iOOX  o> 

2  hours  |  friendly  value  I  '  ' 

This  simplifies  to  the  relationship, 

& 

(A) 

which  is  observed  to  bo  tho  familiar  Lancheater  Square  Laws 

jjjf  ■  .03  K  and,  conversely,  jjj*  «  .03  F. 


g.  The  Uncliue tur  attrition  rate  coefficient  (.03  caaualciee/firttr/2  hours)  value  was  ar¬ 
rived  at  through  ihv  urn*  of  Uulphl  tvahuiquva  which  lapped  thu  military  export  I  ho  of  nomer- 
uuu  itvitlur  Army  commander  ti.  Tltu  attrition  uqunrlonn  originally  represented  Z  I esses  per 
iiiiv-hail  hour  hot  currently  utilise  a  two  hour  Increment  which  rvflevtu  a  lower  fair  ot  at  •• 
tut  ion.  Hr.  McCliutic  status  tluit  tlw  time  lucrwmuiit,  ratliur  titan  tlw  magnitude  ul'  tho 
coefficient,  was  changed  to  reflect  s  mere  realistic  combat  reporting  situation  (battle  re¬ 
ports  from  subordinate  units  uvury  2  hours  ratlwr  than  ovury  30  minutes).  Unfurl  namely, 
this  Increase  lu  the  battle  time  utep  will  ullow  forces  to  suffer  attrition  beyond  the  lime 
that  they  would  normally  be  wlthdrawu  from  battiu.  A  prefurred  approach  to  tuning  the 
attrition  rates  would  bo  to  adjust  tlw  .03  fnctur. 


f.  All  additional  attrition  rate. cue ff iciout  cun* Ido rut ion  is  that  the  attrition  rale  Is 
probably  nut  uquul  fur  both  aides.  Furthermore,  a  given  side  would  display  different  coef¬ 
ficients  for  Us  different  force  members  (armor,  infantry,  artiUary,  etc.).  These  issues, 
previously  discussed  in  I.B.  and  I.C.,  should  bo  reooarcbod  further. 
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«nwti .ur  at  maximum  unit  speed  miti  dues  nut  consider  any  ol  l lie  Impeded  movement  i.ieini). . 


i.  The  MTM  rooting  mechanism  io  proper  la  light  of  Chs  purpose  and  nacura  of  MTM.  Kxuct 
determination  of  Che  bast  awvuawnc  path  would  bu  possible  through  (ho  uuo  of  a  shortest  path 
algorithm  (such  <m  UJihatra'a) ,  true  ouch  au  algorithm  would  awrluuMly  bun  down  MTM  ami  in 
nwi  recommended . 

C.  Calculation  of  Ulatancua  In  MTM.  1.  Tbs  calculation  of  distances  between  KTM  buses 
takes  into  account  proper  trigonometric  relationships.  Thu  following  Tnrawin  U  util  laud 
to  calculate  the  distance  between  clw  centers  of  two  hexes  wltb  coord  iiui  Co  a  (KW2,  NS'i)  mid 
(tWi,  MSI): 

UOWFAM  -  AVCUKX  *  yjl 7S.)(IM2-gWl)2  ♦  (!) 

Thu  curia  uudur  die  square  roue  ulgn  la  wu  upp I  imi  ion  ol‘  clw  PyclciKui'uiiu  theorem,  «"  +  b2  ■ 

«*.  and  culculacuu  clw  dluCancu  in  box  unlCo  (row  origin  CO  daeduaciou.  Kxumiuudon  of 
cho  box  carrain  a croc Coro  rovoula  chat  cbo  Nordi- South  (NS)  dlacanco  between  adjucunc  hax 
cuncura  la  greater  ebon  clw  Knot -West  (Ml)  dialMiuv  bo  two  on  adjacent  la*  a  crutvra.  TIwh, 
clw  KW  displacement  la  awl  tip  I  led  by  a  (occur  of  .DM  (Nocut  (.gbb)  •  .7b).  Nocu  dull  clw 
NS  coluaut  uf  buaou  concaiua  only  odd  or  ovon  numbers  (aa  explained  In  Anuux  U) . 

i.  Tlw  AVUIKX  curat  in  equation  (1)  adjuaco  fur  clw  difforuncua  In  north-south  box  dimensions 
rvl.iiud  cw  proa lai ley  Co  Clw  equator.  Ttio  following  AVCUKX  w«|u:iC Ion  propor ly  perieraei  iliitt 
adjustment  by  calculecing  cbo  overage  hoxolxui 

avchkx  -  iUBBaam.  mi  +  jyHgum&iaii . gal  (2) 


U.  MTM  iloua  nok  currently  poaauaa  cho  capability  Co  opocify  aclcroacopic  or  mucruscupic 
roucua  for  moving  unica.  Thu  uaor  awy  Input  hie  duolro  co  awvu  u  unit  Co  u  cor  Cain  domi¬ 
nation,  but  way  not  opocify  which  haxaa  will  bo  cruvaruod  on  roucu.  Secondly,  clw  uwur 
awy  not  input  a  string  of  ouccuooivo  doocirwcionu  Co  duplet  a  awe ro-aiova want  plan,  ft  la 
recommended  that  MTM  bu  awdifiod  co  allow  fur  specification  of  dwua  routuu  by  tin*  um*r. 

Thio  wodificaclun  would  noC  bo  cooCly  in  carwo  of  aw  awry  allocation,  uxocudon  Cino,  or  pro¬ 
gramming  skills;  ond  would  provldo  o  aero  realistic  eowawnd  anvironwonc  for  cho  uour. 

K.  Resolution  of  routing  conflict*  io  not  dopii'tod  in  MTM.  Two  unit  a  utillxlnx  Cho  snaw 
roucu  «iu  nut  iwpudu  uuult  uCbur'M  awvuawnc  role*,  in  nucunlicy,  clw  priority  null  would  In* 
allowed  co  louvu  wbllu  clw  iwnprluricy  unit  would  uxpurluncu  degraded  movement  or  none  ul  nil. 
Another  i. tcuaciun  pruouuC ing  demands  upon  clw  C runoporcuciun  system  in  refugee  Crnffic.  The 
impact  of  MTM' a  currunc  inability  co  address  routing  confliccu  la  difficult  Co  aucurtuin. 

At  a  miniiBum,  tlw  ruoulc  io  ovurly  optiaUstic  awvuawnc  rates  whon  multiple  unit  wovou  on  clw 
aaaw  roucu  uru  conoidurud. 

V.  Degradation  of  tlw  tronuportudoit  ay  a  tom  ovur  daw  is  not  dupictud  in  MTM.  in  actuality, 
avanuos  of  advancu  do  hava  1 loti  tad  capaclcloa  which  dograde  ovar  daw.  Mechanised  unit 
commanders  would  carcalnly  attuoC  Co  Cho  imporConcu  of  this  conuidoration.  In  clw  longthy 
acunariua  addrwaaud  by  MTM,  Chiu  factor  should  bu  addressed  at  luaot  parametrical ly. 

11.  Kocoiamundaclona/ConcluMluno  (Moveawiic) 


A.  Tlw  gonurol  approach  towards  movuawnc  in  MTM  lo  rualisdc  in  light  of  cho  purpose  and 
nature  ol'  KTM.  To  unublu  MTM  Co  bo  fooC- running ,  unity  to  usu,  and  global  In  sealo;  MTM  de¬ 
plete  muvumuiic  in  a  gross  fashion  using  Clw  upp run imu lions  discussed.  Other  more  ru ho  In to 
nodule  duplet  aMvuawuC  uf  uuicu  through  rood  networks  cumposud  of  nodua  and  area,  acroes 
actual  turroln  data,  or  both.  Movomont  can  bu  model  ad  with  grantor  fidelity  using  this 
appruach,  but  such  an  approach  with  MTM  would  bo  prohibitive  with  ruspetM  to  cumpnier  sitii'- 
agu  »,pacu,  running  daw  cunuti'uinte,  and  uase  ol  upuratlun.  'Ulus,  tlw  ciii'i'eni  movement 
awdulliig  approach  should  bu  rutulnud  and  refined  au  uddruusud  below. 

it.  It  is  i  ucowmetidud  that  KTM  bo  awduliud  to  allow  micro  and  atai'i’o  routing  spec  i  T  leal  ions 
by  tlw  uKur  (as  discussed  in  I.D.). 


C.  It  is  rucomm waded  Chat  KTM  address  rout l up,  conflicta  and  transporiai Ion  system  degra 
dal ion  in  a  paramutric  fashion  (as  (liscussud  in  l.K.  and  K. ) .  * 


BIO 


SUUKOUTINE 

PARAMETER 

VALUK 

1 NTOKU 

Time  delay  between  request log  and  receiving  UUMINT 
un  a  hex. 

1  hour 

KNCM 

Tonnage  of  other  supplies  required  te  emplace 
mlnof ield 

1  ton 

MAMKUVKK 

Damage  to  a  unit  for  entaring  a  Minefield, 

3Z 

nuclaar-eontaninatod  hex 

10% 

chan  or  blo-contxmi noted  hex 

23X 

MAMKUVKK 

Delay  caused  te  moving  unita  for  ancoring  a 

Randon  nunber 

minefield 

between  it-4  lira. 

nuclear-contamineted  box 

(.5  tu  l.S)*IIKXSl% 

10 

chen  or  blo-contanlnatod  hex 

(2  to  d«HEXSiZ 

10 

National 

Slue  probability  of  do tact ion 

73Z 

Intel 

idantlflcatioa 

7SX 

Rad  probability  of  detection 

7SZ 

identification 

Interval  between  National  Intelligence 
reports 

73% 

Blue 

12  hours 

Rod 

Tina  dolay  of  detection  to  theater  conn under 

12  hours 

Blue 

1  hour 

Red 

2  Itours 

AIR 

Aircraft  availability  first  3  days 

BOX 

after  3  days 

BOX 

A1KCND 

Tine  between  unit  sorties  for  mission  planning, 
roaming  and  raf waling 

1  hour 

Oanaga  to  target  per  aircraft  eortle 

Varies  with  A/C  cypa 

Delay  te  target  duu  tu  air  uttack 

13  ninutus 

AUUJKf 

Oanaga  to  aircraft  pausing  over  snany  unit 

daar  day 

» 

night  or  adverae  weather 

3X 

VIHKSPT 

Tine  between  volleys  on  a ana  target 

3  nin./tubt  artillery 
B  hra. /rocks 'j  or 

■ladles 

AMNKX  C 

l.  Hovonont  function*  in  tfTM 

A.  An  iNituil  lu  the  Until  structure  exp  lnn.it  tun  (Annex  U) ,  MTM  duuti  ikiC  explicitly  wdel  a 
LwiivumlkHMl  ruuU  tHiiwork  with  nodus  and  arcs.  Movenont  In  nut  conducted  along  roods  ur 

of  advance ,  but  rathir  team  hti  tw  hex.  Specifically,  a  variable  celled  TJUMP  spacl- 
flee  when  «  unit  will  MJunp  tram  itx  present  hex  to  Leu  next  hex.  In  nccurdwnco  with  the 
lining  nudum I mmh  detailed  In  Annex  A,  HTH  |>ei*luUlcnliy  ttuwpnruu  TJUMI'  with  tin*  buttle  time , 
NT  I I1K  •  II  T.IUMI'  In  Ii'mm  t  liuu  NTIMK,  then  tlx'  movement  to  the  next  licx  iinil  T.ltlHI’  are  ealew- 
l.ileil  .mil  •nun'll  (ur  I  lie  I  ul  lew  Inn  Jimp  • 

tt.  HTM  Huutlni'.  Median  isn.  i.  Inlierunt  in  title  MuveMont  process  ie  Clio  routing  nuchnnisn. 

Tu  deturnlitu  novununt  patlts,  MTM  uuee  a  shortest  path  approximation  technique.  TIiIh  approxl- 
ni.it  Inn  1‘iiMbliiuH  the  Impeded  MuveMunt  tlxm  lu  nave  uut  of  tliv  preuent  hex  iiihI  Inin  .111  atlja- 
t  e  ill  hex  with  the  unlnpedvd  movement  line  li'ixe  licit  mljncent  hex  lu  tin'  final  ileiit  Inal  Ion 
hex.  Title  calculation  ie  perforuad  fur  nil  Itexue  adjacent  tu  the  current  hex.  The  adja¬ 
cent  hex  rendering  the  eewilieet  approximate  movement  Clue  (BUST)  ie  dee  tuna tad  ae  the  next 
hex.  Ttiie  preeedure. 1*  perforuad  fur  each  jump  until  the  unit  reacltee  ite  dent  lout  Inn  hex. 
The  inputted  wovuuent  tine  tahOe  into  cunuidernt  loit-nevcnsuic  cimetrnlitte  uueh  un  dny/nighl , 
weather,  naxinun  unit  apeed,  hex  terrain  composition,  and  prueonco  of  barriere.  Tlie  unim¬ 
peded  movement  ciM  U  merely  the  time  to  traveree  a  straight  line  distance  from  one  Iwx  to 


TllKtSHUOl.U,  "X  acceptable  eOSUUltiUN  (MIX) 

MAX  SPXEU,  cross  country  (15.0  k*ph) 

'  SUWW  STATUS,  10  classes,  3A,  SA  (099.  short  tone) 

MAX  CARRY  CAPACITY  (9000.  short  cono) 

fur  Puree,  .trifllury,  aUitiU,  iiwt  navel  gun  units  also  imwmiw; 

PfcMCKNT  UAMACK,  pur  Cull  strength  volloy  (IX) 

MANCK,  mux  (16.  ailoo) 

Air  Puree  Uuit»  else  posse out 

NUMMRM  OP  AIKCMAPT  (72) 

TYPE  OP  AIRCRAFT  (P-4) 

AIK  NPKKO  (/OO-knuts) 

S.  Thu  unit  representation  aethudology  used  in  HfH  is  acceptable.  Bach  descriptor  in  re¬ 
presented  in  aawory  by  «  separate  storage  vector  which  contains  u  particular  'escriptor 
value  (or  uvory  unit  being  played.  Per  example,  the  SPBED  voctor  looks  a*  follows: 

SPBBU  (Unit  1.  Unit  X,  ....  Unit  300), 

(KTH  is  currently  diawasloaud  (or  a  noxlnua  of  300  units.) 

C.  Tliu  unit  strength  (POINTS)  and  thrushhoid  (TURKS)  vorinbios  nttuapt  to  duncribe  iliu 
fighting  capability  of  a  unit.  Dincuooioan  with  U1A  analysts  indicate  chat  a  third  (actor 
describing  a  unit's  statu  of  training  should  bo  includod  to  proparly  describe  and  coispuru 
units.  Additionally,  anpaaoion  of  the  unit  descriptor's  should  include  lethality  and  vul¬ 
nerability  considerations.  This  will  bo  discussed  in  Annex  0,  Modeling  of  Land  Combat. 

u.  Additional  unit  descriptors  con  easily  bo  included.  Por  coaaplo,  Mr.  McClintlc  hue  re¬ 
cently  included  e  unit  orientation  descriptor  which  allows  for  differentiation  butwuvn  fron¬ 
tal  and  flanking  actions. 

IV.  Additional  Uuta  Hoc uiro aunts 

A.  Additional  data  ragulr  sweats,  ext  roc  tod  with  permission  from  MSM  Oocuasntstioa  (Refer¬ 
ence  3),  are  as  followsi 

PACTUM,  ratio  u(  battle  lino  to  real  claw 
X  ui.uk/uku  comho  jamhkd 

PKUttASIMTY  UP  MAIN,  ouch  6  hour  period  ef  day 
PMOSAS1I.ITY  OP  POG,  each  6  hour  period  of  day 
SUNKlSR/SUNXrr 

PM0BAB1UTY  OP  OJfTRCTlON,  by  aircraft  uadar  day/aight,  claer/enow,  fog/ruin 
conditions 

AMMO/ POL  CONSUMPTION  KATKS 
Tons  uf  aeeM  per  full  strength  artillery  volley 
Tons  uf  POL  por  hex  aovud  by  a  unit 
Tuna  uf  POL  pur  eircruft  sortie 
Tune  uf  assmi  pur  aircraft  eortie  which  fires 
IIKX  H  UK  -  in  wiles 

UXPOT  SUPPLiKM  -  Tonnage  ef  each  class  of  supplies  (POL,  aaae,  and  other)  in  Med 
and  glue  theater  supply  depots. 

NUCLBAK  ANN  CIIBMICAL  PKMM1SS10NS  -  Initial  pur* fusion  grnuied  ur  nut  grnmod  for  Ned 
end  Slue  forces. 

g.  'fliers  ere  curteiu  data  ueeoaptiuua  iwbeddud  in  tlia  aodul  which  can  be  changed  by  MTM 
prugraaaura  ae  bettor  data  becomes  available.  Thesu  eabudded  (actors,  uxtructud  with  por- 
Misufun  from  Hufvrenve  3,  are  ns  (ullowu: 

VUMJ* UUT.INK  PAMAMRTKK  VAI.UK 

LWAH  l‘ui cunt  ut  radio  wuuuugu  traffic  Inlurcoptud : 

Rios  5X 

Mud  5X 


PIHUKU 


Timu  delay  between  requesting  and  receiving  ertiiiery  15  aiiiutes 
(ire 


C.  A*  mentioned,  each  hex  also  hea  a  barrier  code  associated  with  ic.  Input  to  FIRST  la 
similar  to  thu  torraln  input.  FIRST  chan  huilda  n  BAR  array  for  input  into  MTM.  Bach  hox 
barrior  code  Iiuh  six  digits,  ono  digit  being  associated  with  oach  side  of  the  hox.  The  con¬ 
vent  iuu  utiud  represents  thu  North  uldu  by  cho  1st  digit  contiuuos  clockwise  sequentially. 

For  example,  a  barrier  code  11X311.  indicates  thee  the  aouth  hex  boundary  has  a  coda  of  3. 
whilo  all  other  sides  have  a  code  of  1.  barrior  codes  currently  utilised  by  MTM  ere  as 
follows: 


1  -  No  Barrier  4  -  Road 

2  -  River  8  -  AT  Ditch 

3  -  Bridged  River  9  -  Inpesanblo 

All  luixott  not  xpocifiod  are  initialised  with  n  barrier  code  of  111111. 

D.  The  only  effect  that  these  terrain  end  barrier  codes  ploy  in  MTM  la  to  degrade  or  fa¬ 
cilitate  movement  through  cho  use  of  movement  factors  associated  with  each  codo  value.  As 
Noted  In  Annex  I,  Mr.  McClintlc  plans  to  unpack  live  barrier  cades  to  allow  for  batter  reso¬ 
lution  and  uasiur  Manipulation  of  those  values.  Additionally,  it  is  recoMMunded  chat  tlw 
effect  of  terrain  and  barriers  on  other  coebat  functions  besides  movement  nay  be  considered. 
For  example,  the  effect  of  artillery  in  a  woodod  hex  la  different  from  in  a  clear  hex. 
similarly,  cho  elevation  of  a  mountainous  hox  affects  the  capabilities  of  units  In  adjacent 
non-mounta Inous  hexes.  Therefore,  inclusion  of  MTM  of  appropriate  resolution  terrain  in¬ 
fluences  should  be  investigated. 

» 

E.  The  hexes  are  combined  Co  form  overlays  for  existing  nape  of  appropriate  scale.  A  hex 
coordinate  syaten  assigns  letters  to  east-west  positions  and  numbers  to  north-south  posi¬ 
tions.  Thus,  designation  of  the  location  of  a  hox  consists  of  a  ietcer/number  combination. 

A  complete  description  of  this  map  to  mi  no logy  is  contained  in  Reference  2. 

Note  chat  each  column  of  hexes  contains  only  odd  or  even  numbers.  Consequently,  numerous 
encode  and  decode  operations  are  necessary  to  convert  from  hex  terminology  to  the  TKR  and 
itAK  array  locations. 

F.  The  hex  composition  described  above  is  contained  in  the  "detail  map."  MTM  also  possess¬ 
es  a  "big  map."  Whereas  cho  detail  nap  usually  represents  e  theatre  level  nroa  or  opera¬ 
tions,  the  big  nap  represents  a  much  larger  geographic  sector  which  encompasses  cho  dotal  1 
map.  lilg  map  hexes  represent  a  significantly  larger  area  than  the  more  resolute  dotal  1  nap 
boxes . 


C.  With  respect  to  computer  storage,  the  TKR  array  currently  haa  41  columns  and  a  variable 
number  of  rows  dependent  upon  the  slse  of  the  big  nap.  These  rows  are  partitioned  with  I 
through  34  representing  the  datall  map  and  rows  above  that  represent  the  big  map.  When  per¬ 
forming  computations  involving  both  big  map  end  datall  map  coordinates,  conversion  routines 
(ttTCSMI.  and  SMUtIC)  are  utilised. 

II.  The  big  map/decail  nap  concopt  is  superb.  It  allows  for  gaming  of  long  distance  sus¬ 
tainability  and  unpluyment  cunnlderotions  while  concurrent  thentre  operations  aru  being 
conducted. 

II.  Although  MTM  has  been  primarily  uaed  to  model  theatre  level  operations,  there  is  no 
Inherent  ronnon  why  greeter  resolution  liexes  with  correspondingly  rose lute  units  could  not 
bo  represented.  At  the  extreme,  the  hexes  could  bo  10  motors  across  instund  of  10  miles 
across  with  an  individual  soldier  representation  rather  chan  e  division  or  corps  unit 
representation.  Certainly  care  must  be  oxercisud  to  insure  that  Cho  modeling  algorithms 
(particularly  attrition)  remain  appropriate  fwr  the  unit  resolution,  but  tin*  variable  reae- 
1  nt  Ion  feature  of  KTM  does  enhance  thu  spueirttm  of  applications.  For  inn  twice,  a  fast- 
ruuulng  KIM  with  high  resolution  could  provide  excellent  "sand  Cablo"  training  for  small 
unit  commaudurs. 

ill.  A.  Unit  representation  date  requirements  for  MTM  aro  explained  fully  in  btll'tfraUKg 
Essentially,  ovury  unit  on  the  battlefield  will  possess  Che  following  descriptors  (examplos 
gives  Is  paroiithvuos)  > 

fU  (BLUB,  148) 

TVI'K  (MF.CIIAN17.KD) 

NAME  OKU  US  INF(M)  DIV) 

SIZE  (US- DIV) 

POSITION  (AA  59) 

STRBNCTH,  relative  <6.0) 


B7 


SC9EW 


VU.  .  As  mentioned,  a  ratio  becwuun  bat tie  time  and  roui  time  la  used  to  determine  how  much 
to  increment  bactia  tiM.  This  ratio  le  input  by  tho  controller  who  can  chunge  it  at  any 
time.  By  changing  cha  ratio,  tho  controilor  can  adjust  the  tine  pressure  on  the  RED  and 
UI.UE  teems,  spood  up  during  periods  of  inaotlvity  to  minimise  pJuyur  idle  tinw,  nod  hIow 
sown  during  t  into  ol'  major  combat  to  allow  for  more  thorough  command  and  at  all'  an  Iona. 


ANNEX  U  -  MTM  DATA  REQUIREMENTS  AND  STRUCTURE 


1 .  Uoto  Input 


A.  As  nuntionod  provioualy,  MTM  possesses  on  ancillary  data  base  building  program  (turmud 
FIRST)  which  groat ly  facilitates  construction  of  tlw  data  base.  FIRST  intoractivuiy  ques- 
tlonu  the  uuor  regarding  tho  terrain,  barrier,  unit,  ami  othur  mlttcel  lattettttu  <lala  whirl)  la 
noudod  to  opuralo  MTM,  FIRST  then  encodes  these  uner  Input  a  In  variant)  ways  anti  etntnt  rucl  a 
data  files  witiclt  will  bo  usud  by  MTM,  If  onu  desires  to  usorcisu  a  previously  constructed 
data  base,  use  ef  FIRST  is  not  uocessary, 

a.  Each  hex  has  a  terrain  code  and  a  barrier  rmlo  associated  with  it.  See  Pip, ore  A  for  a 
graphic  depletion  el'  tint  MTM  Terrain  Kapresentut loo.  Tint  terrain  code  is  a  one  digit  num¬ 
ber  rupresuutittg  the  terrain  classification  of  that  particular  lies.  For  ease  of  input, 

FIRST  allows  the  ueer  Co  ontor  a  particular  cuda  followed  by  all  IwKua  with  chat  value. 

FIRST  then  builds  a  TEH  array  (ouch  coll  rupruauntlng  a  hug)  witiclt  is  usud  by  MTM.  Terrain 
eudus  are  currently  uwur  dull  noil  with  mt  unimpeded  movetflant  l:mni  i'I.m!  aM  1.  Other  ler- 

iat.li  cede  values  aru  refntud  fll  *•*•••  Tfi>t  degradation  experienced  In  crusnim*. 

that  hex.  — 

Ail  haxes  not  specified  aru  initialised  with  a  tarrain  code  of  1.0. 


WM  TERRAIN  BfPRfSF STATION 


108 


S3 


TESRAIM  CODE  is  1 

ll  UNIMPEDED 

9l  IMPASSABLE 


flMRIEft  CODE  Cabcoef.) 

h  NO  BARRIER 
2t  RIVER 
3t  BRIDGED  RIVER 
9l  ROAD 
8t  AT  DITCH 
9t  IMPASSABLE 


•  *  •  (g  •  •  t 

★  VARIABLE  HEX  RESOLUTION 

*  DETAIL  fM P/BIG  HAP 


00 


yiguro  4, 


B6 
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Figure  2. 

m  TIMM  fCCHANSSfl 


(FACTOR* _ .) 


THE  VALUE  OF  FACTOR  DETERMINES  THE  NEAL  TIKE/DATTLE  TINE  RATIO. 

*  IT  CHANCING  FACTOR.  THE  CONTROLLER  CAN  "SPEED  UF/SLON  DOWN*  MTM 

Yl%vcv  3. 


U«s«  Air  Support  (CA £),  luturdiction,  Air  Base  Attack,  and  Kucuiiim I usance  miauioiis  are 
all  modeled  by  KTM.  to  model  surge  rate,  aircraft  availability  is  held  at  BOX  lor  the  Ural 
i  day*  of  combat,  and  it  fails  Co  60Z  thsroaftur.  Air-to-ground,  grouud-to-air ,  and  air-to- 
air  combat  are  simulated  Cor  ovary  air  mission.  The  capability  to  attack  roads  and  bridgua 
(  ■  to  limit  onumy  manuuvor  is  built  into  tlui  modal. 

1  Artillery  lieu  I  rum  Army  uud  Navy  gunu  is  eimuialuU.  tltu  maximum  rangu  of  the*  liiv  ««|»- 

;  port  unit  is  cliockud  to  maku  suru  thu  weapons  cun  roach  Clio  target  coordinates  before  the 

j  mUoloii  U  fired,  if  thu  target  is  beyond  thu  ramie  of  thu  weapon.  Cite  order  ia  ignored 

I  and  tiiu  requesting  cumoandur  ia  so  informed,  if  the  firing  unit  does  not  liuve  mil  l  ieieni 

'  amMuiiiiion.  it  fires  until  it  runs  out.  and  thu  comma ndur  is  informed  that  it  haa  Mtopped 

|  firing  because  of  a  lack  uf  ammunition.  A  15-minutu  delay  butwuen  requesting  artillery  lire 

,  and  receiving  thu  first  round  on  the  target  is  assumed.  A  3-minute  delay  batwuun  volleys  on 

I  the  aaiuu  target  ia  assumed  for  tube  artillery,  and  it  takes  6  hours  to  ralaad  missile  and 

ruckvt  launcherti.  These  uumburn  cun  easily  Im  changed  within  the  model.  If  an  artillery 
unit  ie  given  e  new  mission  before  it  has  completed  the  pruviouit  miiuilon.  It  starts  tiring 
on  the  new  targut  alter  it  cuaqiletuu  tliu  currutit  mlawiun.  Surface-ie-tiurface  missiles  and 
rockets  are  truatud  thu  same  un  arttilury,  but  with  a  lunger  maximum  range,  diffuruni  per¬ 
cent  damage  per  volley,  and  a  lunger  time  butwuen  volleys. 

Nuclear,  biological,  and  cliwmicai  weapon  capabilities  are  built  into  KTM.  Permission  lor 
each  side  to  use  nuclear  or  biological  and  chumicui  weapons  must  be  granted  by  tlw  war  game 
controllers  by  using  the  control  subroutine.  1C  a  force  calls  Cor  a  nuclear  or  blologicul 
and  chemical  attack  on  a  specified  coordinate,  and  permission  has  boon  granted  by  the  con¬ 
trol  I  urs,  thu  attack  execution  time  is  a  function  of  tlw  delivery  munna  (aircraft ,  artil¬ 
lery,  missile,  etc.).  Use  of  dirty  or  persistent  nuclear  or  chemical  rounds  contaminates 
that  hex  fur  a  curtain  length  of  time;  however,  nuncontaminating  rounds  may  be  specified 
in  the  order,  in  which  case,  no  contamination  results.  Both  forces  are  notified  that  a 
nuclear  or  chemical  and  biological  weapon  has  boon  detonated  in  eha  specified  hex.  Any 
unit  unturlng  a  contaminated  hex  will  suffer  a  predetermined  percent  loss  and  u  significant 
timu  delay  euruutu  through  tlw  hex.  Kvery  hour  that  a  unit  remains  in  a  contaminated  hex 
will  result  in  additional  losses. 

IV.  MTM  consists  of  a  main  program  (MAIN)  consisting  of  56  subroutines  and  functions,  an 
input/uutput  progrum  (10PR0C)  which  allows  simultaneous  input/reculpt  of  information  of  rod, 
blue,  and  controller  participants;  s  da ta  base  (WAK*DATA)  which  contains  terrain,  barrier, 
unit  and  miaeallanaous  information;  and  an  ancillary  data  boon  building  program  (FIRST) . 
Figure  2  depicts  the  relationships  among  Chase  major  KTM  components. 

V.  A  unique  advantage  uf  KTM  MAIN  is  its  timing  mechanism.  A  common  typo  uf  simulation  in 
a  time-step  simulation  in  which  time  jumps  by  «  curtain  amount,  ail  af  thu  buttle  functions 
arc  performed,  time  jumpu  another  otup,  and  aw  on.  MTM  diffurs  from  this  approach  uud  usus 
a  time-drivun  technique. 

in  MTM' s  timu-drivon  technique,  time  is  incremouted  (Subroutine  INCRKT)  within  roach  of 
tno  major  subroutinou  depicted  in  8actlon  B  of  the  flowchart.  For  inetanco,  when  the  COHUAT 
subroutine  is  callud,  COMBAT  in  turn  calls  INCRKT  to  update  the  bat t la  time  (STINK).  INCRKT, 
m  turn,  finds  uut  what  tho  actual  elms  is  and  incroments  battle  time  by  an  amount  calculated 
using  the  current  ratio  of  battle  time  to  roal  timu.  Then  tlw  COMSAT  subroutine  ia  exor¬ 
cised  to  rusolvu  all  outstanding  attrition  ralatud  calculations.  Tlw  program  then  exits  thu 
CUMUAT  subroutine  and  uitcurs  thu  bOCIST  subroutine,  which  utilises  1NCHKT  to  Increment  tin* 
uatilu  timu  again.  MTM  MAIN  will  suquontlully  procuud  through  all  of  the  subroutines  until 
COMBAT  is  unturud  again  and  ull  uttrition  calculation  roquiramsnts  occurring  sinew  tho  last 
on t renew  into  COHUAT  will  bu  performed.  Many  other  subroutines  will  be  utilised  by  tlw  ones 
shown  in  Plguru  3.  For  uxumplu,  tho  MANKUVKK  nustlng  is  us  follows: 

MANKUVKK 

1NCKKT 
MOVNXT 
TRAFFIC 
IIOWPAK 
UlOSSMI. 
uni. me 

Vi.  Tlw  communication  flow  botwuun  Kl’M  and  tho  pinyurs  occurs  continuously.  This  is  a 
unique  advantage  uf  NTH  focilitatud  by  tlw  lUPItUli  fiiu  manipulation  arrangement.  Many  war- 
games  use  iwxt-uvuat  prucudurus  in  which  uuuru  can  uniy  untur  erduru  during  curtain  phases. 
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*ti.  MUblil.  UVUKVIKW  (extracted  with  pwrmiooiuu  I  fom  Kefurunuu  1).  Tlie  HcCl ini  I*1  Tlieat  re 
Model  wax  duvulupud  around  Clio  diagram  shown  in  Kiguru  A  ■  TlieuCur  Cotaxuiidor '«  Interlace. 

The  ttuutx  clrciud  in  nguru  A  uru  included  in  MTM.  Tlio*o  not  circled  are  nac  yut  simulated 
by  ciio  model)  but  could  be  added  u«  Che  modal  evulvae.  The  paragraph*  below  examine  each 
'of  che  fence tunuJ.  system*  in  figure  A  NtarCliig  with  the  maneuver  *y*tu*  and  going  eltH-kwim*. 
be  in  kite  capubllit iu*  and  khu  iiwicakiona  of  MTM  mv  covered  In  kliin  Heel  tun. 


THEATER  COMMANDER'S  INTERFACE 
WITH  HIS  FUNCTIONAL  SYSTEMS 


Figure  A. 


Under  die  maneuver  eye  cum,  any  elite  ground  uombuc  unlc  may  be  handled  by  die  model.  Part 
of  che  dace  input  Cor  each  unlc  ie  ice  maximum  movumenc  epeod.  When  a  unlc  la  Cold  to  move 
from  poinc  A  co  poinc  II,  any  movement  apeud  up  Co  and  including  ice  maximum  movement  xpoud 
may  be  epucirtud.  1C  no  apeud  la  apuclClud  in  thu  order,  or  if  Che  opacified  speed  la 
gruatur  khan  khu  unik'a  maximum  apuud,  khu  milk  In  movvd  no  I'nak  aa  puNatblu.  Terrain  nml 
carriers  affect  all  ground  muvumuuka.  Tor ruin  auoh  na  mouncaina,  furuata,  and  elite*  n low 
movement  by  any  factor  upecifiud  in  Clio  input  data.  Sumo  mountain*  may  bw  more  of  an  obata- 
cle  tlian  uthur*.  Iturriuru  uuuh  aa  civura,  bridged  rivers,  antitank  dituliuo,  and  minufiulda 
uugruuu  movumunk  a  Lao.  Up  tu  ninu  types  uf  barrier*  may  bu  duflnud  by  Che  input  data. 

HimiU  aru  truatud  aa  harrlur*  which  actually  upood  up  muvumunl  rather  lluin  impede  it.  In 
allot  Lion  tu  gruund  combat  uniku,  naval  and  til r  unit*  uf  any  uiau  I'rum  u  ainglu  vuaaul  or 
aircraft  up  to  fiuotn  or  wingi;  can.  bu  mimvuvurud  by  MTM.  Attack  Uuiiewptvrn  and  tactical 
airlift  aru  included  iu  khu  modul.  Moo  utility  holicupturo  and  tran*purt  aircraft  uru  per- 
miciud  tu  airlift  or  airdrup  unite.  And,  Navy  unit*  can  aoallfc  ground  unite.  Any  battle 
effect  not  explicitly  accounted  fur  can  bu  manually  imp lumeutud  by  Hie  control  Hubrool  iue 
which  cau  pick  up  a  unit  and  pul  It  duwu  anywhere  on  thu  map,  or  inf  I  in  any  amount  ol 
damage  uu  any  unit. 

MimvI  lefdi.  and  I  he  clearing  ol  mlnufluldu  arc  mode  I  ed  by  MTM.  Mine  I  lu  Ido  can  be  outplaced 
tu  any  hex  that  hau  a  ground  unit  with  aufflciuni  nuppUua  tu  umplncu  rninu*,  provided  that 
unit  to  nut  curruutiy  ungugud  in  grwund  combat.  Ainu,  fixed-wing  aircraft,  he l i copter* , 
one  tiavy  units  can  uwplacu  miituf iuldv.  Artiliory-emplacud  mlnuu  aru  nut  currently  in  the 
iLudei,  but  cun  bu  manually  eimulnlud  by  uoing  the  nmtrui  uubruuiinc  tu  inatantly  emplace 
minefieldu  anywhere  en  tlie  map.  Kuade  and  bridge*  are  pari  of  the  data  Input*;  limy  van  lie 
destroyed  by  aircraft  and  urtlllury  in  ordur  to  *low  thu  unumy'*  movement.  Control  can  a  Inn 
add  new  rood*  or  bridgua. 
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wince  its  creation,  the  ivculintic  rheatre  «odel  nas  .ecc-ived 

widespread,  use  ana  attention  throughout  the  a rrny.  in  response  to  a 
written  request  from  the  commandant  ,  Uj  hraiy  .tar  college  \c-*  November  190c) , 
the  model  Validation  rrogram  (.’/Vi  j  has  been  instituted  at  the  Unitea  states 
military  ncaaem.* .  vne  primary  purport:  of  mW  is  to  assist  the  army  «ar 
college  in  providing  model  users  with  "confiaence  statements"  about  the 
outcomes  obtainea  from  those  models. 

At  the  Unitea  states  Military  Acaaemy,  the  mv'x  will  be  based  on  two 
concurrent  research  efforts.  One  effort,  conauctea  by  the  department  of 
nistory  will  focus  upon  the  historical  confidence  of  mV.,  fhe  second 
effort  is  being  conducted  by  the  department  of  engineering  which  is  adaresa- 
i.nr  the  statistical  confidence  of  him. 

fhe  purpose  of  this  project  is  to  examine  the  combat  subroutine. 

.ne  examination  has  focused  upon  two  areas  of  the  combat  -ubroutine .  vhe 
first  area  is  the  descriptive  aspect  of  the  subroutine .  .'hi-  ;iu».  included 
the  development  of  the  aenaritice  for  the  subroutine  and  the  determination 
of  the  inputs  and  outputs  of  the  subroutine  to  be  analysed,  fhe  second 
area  of  attention  was  the  analysis  of  the  subroutine  through  regression 
techniques.  Also,  through  this  analysis,  a  foundation  ana  basic  framework 
for  the  analysis  of  ,-.ray  models  in  the  mode  1  Validation  ,  rof.ram  as  requested 
by  the.  Army  ..ar  college  has  been  establisheu. 
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ihe  results  of  the  research  aro  aiviaea  into  the  two  areas  of  analysis., 
■fhe  first  results  art.'  the  ufl£riptiv*  aspects  of  the  combat  subroutine.  A 
major  step  in  the  analysis  of  the  combat  subroutine  „au  tht  creation  of 
the  flow  chart  for  the  subroutine.  <vt  this  time  it  is  be  lie  veu.  that  this  is 
the  first  flow  chart  of  any  of  the  numerous  subroutines  use  a  in  mn.  the 
flow  chart  it.  contained  in  annex  A. 

the  flow  charting  of  the  subroutine  has  proviaeu  insights  into  the 
inputs  used  in  the  resolution  of  combat  in  A Th.  Key  factors  which  help 
determine  the  results  of  the  combat  include  the  supply  level  of  the  unit 
in  combat,  whether  a  unit  is  stall&a  in  a  mined  or  contaminated  hex,  or 
whether  a  unit  is  out  of  rUL.  The  major  factor.,  which  effect  the  results 
of  combat  are  the  terrain  which  a  unit  occupies  anu  the  time  the  unit  ha^ 
oeen  ii  that  location. 

also,  the  flow  charting  of  the  subroutine  has  raised  «ome  important 
questions  concerning  the  parameters  which  are  used  in  the  subroutine  in 
oruc  r  to  resolve  combat.  A  unit  will  enter  the  combat  subroutine  with  an 
amount  of  points  which  reflect  the  uni  os  strength.  The  points  are  then 
multiplied  by  a  u*;ULf  factor  which  is  u< penitent  upon  the  Lime,  terrain, 
anu  other  factors  mentioned  above.  i'no  yalu^  of  the  cobbf  factor  is  what 

is  the  sr.uLf  factor  •  j  for  a  unit  being  out  of 
rcL  and  what  impact  aoes  it  have  on  the-  results?  „hat  impact  rots  the  time 
a  unit  is  in  potion  have  on  combat  results  ana  what  impact  do  th.  ■. .r.ULr 
factors  plarf?why  are  the  U»ULf  factors  for  .«eu  ana  blue  forces  different 
for  the  ..amc;  Lime  in  a  position?  These  questions,  though  out  of  Lho  «.coj»  of 
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this-,  project,  need  to  be  audit. see u.  in  further  analysis  ana  ...ciisi  civic,., 
analysis.  sensitivity  analysis  should  also  be  conauctca  on  chi  attrition 
rate  coefficients  usea  in  the  equations  to  calculate  lo^- int^-t  equations 
are  base a  on  the  Lane heater  square  laws. 

i'he  second  aspect  of  the  research  was  tno  analysis  of  th-  coin  cat,..  . 
subroutine  outputs.  This  portion  of  th:.  stuaj  result?  d  in  two  accomplish- 
intents,  first,  a  methodology  has  been  established  which  can  be  uses.  in 
further  studies  in  the  nodel  Validation  .  rogc&m.  i'he  methodology  includes 
the  creation  of  additional  subroutines  which  capture  oata  points  for  the 
factors  being  studied,  ihese  subroutines  are  inserted  around  the  combat 
subroutine  to  capture  the  data  coming  into  the  combat  model  and  to 
capture  the  results  coming  out  of  the  subroutine,  n  copy  of  "iid.ChJx" , 
the  subroutine  that  captures  oata  coning  into  the  combat  subroutine ,  is 
contained  in  Anne*  s.  m  order  for  tnis  subroutine  to  word  several  other 
changes  to  the  model  had  to  occur,  first  the  main  subroutine  had  to  open 
tlv  data  file?'  which  are  written  by  the  and  "oTshb'i"'  subroutines, 

.econa,  the  ;-iain  subroutine  had  to  run  the  "jheftBi"  subroutine,  i'he  control 
subroutine  also  had  to  bo  changeu  in  order  that  the  new  oata  files  would  be 
accessible  after  they  were  written,  and  also  the  UhlVAC  computer  system 
had  to  be  adjusted  to  accept  additional  uata  files  for  the  mlm  model. 

Uax t,  once  the  uata  files  were  generated,  a  method  for  analysis  using 
srbw  was  established,  ihic  includes  the  writing  of  an  dxss  program  and  obtain*^ 
initial  outputs. 

ihe  second  accomplishment  was  th*.  initial  results  obtained  iron  tno 
.xws,  pac.iage*  ihese  results,  contained  in  Anne*  i.  ,  indicate  that  th.  combat 
subroutine  r  ulU  arc  what  should  be  expected. 
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the  following ; 

u.j  i'  Low  charting,  ox'  the  cjuibau  -uuroucine  raiding  ^.u&otions 
c  o  nee  rni  nc  pai-awc-  u.  rr . 

o)  An  urtablisheu.  iuevnodolo^-  for  further  research  for  trio 

i»W. 

c)  Initial  results  o'otaineu  from  analysis  of  combat, 
a)  rifw  researchers  quide  for  further  analj  ois»  (/-.nne^  -/) 


A.ISW. 


#A 

Vhc  flow  chart  for  the  combat  subroutine  is  not  ail  ^ncor^.^ins 

A 

chart,  nor  aoc..  it  attempt  to  «u.-firu:  ail  the  variable-,  within  trie  subroutine- . 
natner,  the  flow  chart  is  a  simple  ^uiue  to  aia  the  user  as  to  tne  processes 
ana  major  factors  which  arive  Un-  n  suiting  combat. 

sn  the  first  page  of  the  flow  cnart,  the  ae,>  factor  to  notice  .is  tnat 
combat  resolution  is  accomplishea  over, y  two  hours*  Apparently,  tnis  timing 
factor  is  a  mechanism  used  to  achieve  what  is  thought  to  be  a  realistic 
rate  of  attrition  ana  combat. 

the  next  xey  factors  that  shoulu  be  analyser  are  founa  on  page  three 
of  tnr.  flow  chart.  Vho  first  is  the  terrain  factor,  below  is  a  table  which 
shows  the  terrain  factor  and  its  corresponding  CnUL'b  factor,  which  is  used 
in  *<.  I*  •  raiintf^hc  strength  of  the  units  for  battle. 

Terrain  factor  u-iliLf  factor 


0>x 

• j 

OS* 

1.0 

dSx 

fc.  0 

■J  +  X 

p-0 

boat,  if  a  u.at  is  stalled  in  u  lie  a,  then  the  cvilLf  factor  is  rouucc-d 
6(V*.  and  if  a  unit  is  out  of  rUL ,  then  the  UauLi  factor  is  rvuuceu.  by  jG,*. 

another  key  factor  is  urn  time  a  unit  is  in  position.  ,*o tics  on  the 
flow  cnart  that  these  wiULr  factors  for  time  in  position  differ  for  the  .*  j 
ana  ~luc.  teams,  rhis  may  be  an  effort  to  moucl  a  itren*  tn  in  till.’  .u'.'U  uCciiiidi 
ability  to  construct  aefenaive  positions. 

.he  lu..t  page  of  the  flow  cliart  illua tratss  two.  other,  points  cnat  suaulau 
be  considcn-a.  i>’irst  is  that  the  time  in  position  for  botn  siats  is  an  aver- 


C7 


ate  for  all  the  uni  to  on  the  same  siut  involves.  in  that  -^ecifie  oat  tie. 

..►eondl.,,  the  equations  use  a  to  attrmine  the  locoes  for  oo  tru.  .iu<  •. 
arc  lx**tf  1  on  the  last  ^Jeqec  ox  the  xIok  chart,  chest  equation-^  arc  caoea  on 
the  Lanchesu  r  square  law.  fhe  imtiortj.ace  of  thro*.  <  q  nation...  is  tne  constant 
attrition  coefficients  as^iqnoa  a  valu-  ox*  .  G> 
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Annex  l  is  a  copj  of  the  subroutine  Inbhisf.  '.'his  subroutine  was  written 
to  capture  <u  j  uata  points  coming  into  the  cornual  subroutine  ana  write 
these  data  points  to  a  se^^irate  data  file,  ihe  first  portion  of  the 
.ubroutiif  in  the  common  bloc*.  i'he  subroutine  onlp  write--  the  information 
to  the  oata  file  for  those  units  that  are  in  combat. 

xhr  data  file  number  fox’  .Uenlu.'  is  pi.  the  univae  spates  will  now 
illow  up  to  36  data  file  structures  to  be  attached  to  ivTh. 

ihe  subroutine  that  captures  data  .oints  coming  out  of  the  tomcat 
-ubroutinr  is  called  OTCWST.  This  subroutine  is  called  from  the  combat 
subroutine*  the  oolp  difference  between  i&Wuii'  ana  sr«**uif  is  tiiat  ofU’dsf 
writes  to  another  oata  file. 

ihe-re  is  one  problem  with  the  uTshxd  subroutine  that  map  be  i  asilj 
corrected  which  time  did  not  permit  befon-hana.  -implj  move  the  call 
itaumcnt  prior  to  the  statements  calling  subroutines  at- strop c a  or 
..itharaw.  this  will  cn  ate  a  data  file  ioenticil  to  the  file  ere  at.  a  b^ 

ax*C»#Uwl'* 


C13 


•S-'Ss 


IBROUTINE  I NCMBT 
>ramf:ter  nbu-300,  NSP=  i  2 

)MMON  /TERAIN/  TER <4 1,32),  BAR < 41,82),  BAR I ER ( 9 ) 

JMMCiN  /UN  I T  /NUN  I T  ( h!B> J )  ,  NAME  (  NBU )  ,  UN  I  TIP  ( NSU  )  ,  UN  I TCL  ( 
IS <  NBU )  ,  ART  IME  <  NBU  )  ,  PERCNT  ( NBU )  ,  P O T NT 3  ( NBU  >  ,  GPIV'U.  K  ( iv 
•OPTUR  ( NBU  )  ,  EWDEST  ( NBU )  ,  NSDEST  (  NBU  >  ,  T  JUMP  ( NBU  J  EWNEX 
ISNEXT ( NBU ) . SPEED ( NBU ) , NUMVOL ( NBU )  ,  RANGE (  /  ■)  NARiv  >.  i**-i 
"SEAB  ( NBU )  ,  ATYPE  ( NBU  > ,  ESCORT  ( NBU )  ,  THRES  <  NBU )  ,  A  7  RSPf,  : 
;i.JBTYP  ( NBU )  ,  S I  ZE  (  NBU )  ,  TOEPER  <  NBU  >  •,  PERSON  ( !•  BU  >  ,  C  ARRY  •; 
iUPPLY  ( NBU ,  NSP  )  ,  A I RCFT  ( NBU )  ,  BAG  VOL  (  NBU )  ,  TF I  RE  ■:  NBU  )  ■  € 
ISF I RE (NBU), OR I ENT (NBU) 

)MMON/OTHER/ NUMBER , AST I ME , FACTOR , SUNR IS , SUNSET , PC!  OP 
•WJAMB,  EWINTRt  EW TNT B,r  :iLC.:ON>  f '■':!!  '-  OR,  ANi  iOOR,  r.MGV’i: 
JUCBLU,  NUCRED  j  ICHEMB,  IGHEMR,  CAYN IT,  NX  ,  WXFAi '  T >  \  H"i'  :>F.  , 
>RAIN(4) » PDDCLR , PBBFOG , PDDRAN , PBNCLR , PDNFOG > PON RAN , r 
'IMEL, TIMLST, TIMLOO, BLUNAT, RFBNAT, BNATIN, BWCTE, BNA7P 
)NATPA»  RNATIN,  RNATD ,  RNATPD,  RNA"  PI  ,  RMATPA  ,  HEX  SI  7  (  I  J 
:RTALY  <  30  > » NUCH , EWCHG ,  NSCHG *  UN  IT  CH ,  I ULECL  (  i  1: )  »  MOVE  CL 
IODECL  <  1 2  )  »  COMBCL  (12) 


B,  BN 
,  NB  l 
{ :?  > 


IARACTER*2  EW,  EWDEST,  EMPIRE*  EWNEXT,  EWCHO,  ORIENT 

IARACTER *4  UN ITCL , DAYN I T , ATTACK 

1ARACTER*5  SUBTYP,SIZE 

IARACTER*7  ATYPE 

IARACTER*S  WX 

IARACTER*  1 0  UN  I TTP ,  POSTIJR 

IARACTER  »■  13  NAME 

JTEGER  BATTLE  <30 , 30 ) ,  ESCORT ,  NCOMBT < 30 ) 
iGICAL  WARN 
)  50  K!- 1 »  NBU 

:  ( BCL.OCK .  LT .  BATT I M )  GOTO  99 
•  <  POSTIJR  <  K ) .  NE .  "  COMBAT  "  )  GOTO  50 

<1 TE  <  3 1 , 1 0 )  NUN IT<K) »  UNI TCL <K), PO I NTS < K  > , PERCNT ( K > , A L <CF 
a TE < 3 1 , 1 2 )  DAM VOL (K), NEW < EW < K 5 ) , NS <K), NEW < EWDEST ( K ) ) , NS 
ilTE ( 31 , 1 1 ) BCLOCK , ART I ME  <  K ) 

)RM  AT  ( 1 5 ,  A5 »  3F7 . 0 ) 

:iRMAT<F7. 0,415) 

)RMAT  <  2F5 . 0 ) 

)NTINUE 

'TURN 

m 


Licit  assumption  in  the  MTM  figures  is  that  the  unit  would 
Ln  contact  for  the  entire  period  and  not  withdraw  at  a 
rmined  threshold  value.  As  can  be  seen,  if  attrition  is 
to  continue  for  equivalent  time  periods,  MTM  actually  attrits 
ter  force  more  rapidly.  The  basic  SAGA  comment  is  still  valid, 

:e  research  and  validation  is  required  on  the  attrition 
and  parameters  of  MTM. 

Make  artillery  assessments  sensitive  to  the  vulnerability 
target  engaged.  No  change. 

Make  artillery  assessments  sensitive  to  the  lethality  of 
Ltions  used.  No  change. 

Make  unit  thresholds  mission  dependent.  The  thresholds  in 
IG  are  not  mission  dependent.  As  in  MTM,  time  in  a  hex  is  used 
it  the  advantage  of  the  defender.  The  AWCV7G  has  incorporated 
threshold  decrement  due  to  time  in  combat.  The  threshold  is 
Lcally  raised  5%  for  every  24  hours  in  combat.  The  threshold 
reduced  by  taking  a  unit  out  of  combat  for  rest  and  recuperation. 

Convert  from  threshold  to  breakpoint  terminology.  No  change. 

Include  close  air  support  and  interdiction  dependencies  upon 
rulnerability  and  weapon  lethality.  No  change. 

Use  metric  convention  with  all  distance  measurements.  This 
tas  been  accomplished  in  the  AWCWG. 

Allow  free  form  input  to  FIRST  data  initiatization  routine. 

’G  has  made  great  strides  in  improving  the  user  friendliness  of 
.re  model.  Both  unit  and  terrain  data  bases  are  input  from  a 
ven  display  which  is  self-explanatory  and  extremely  easy  to  use. 
tl  also  incorporates  several  consistency  checks  on  the  input  data 
insure  correctness  before  the  actual  wargame  will  run.  .  The 
•ortion  of  the  wargame  is  also  very  user  friendly  with  a  menu 
nteraction  with  the  player.  Once  the  player  selects  the  type 
,nd  or  action  he  wishes  to  input,  that  command  is  displayed 
ill  in  the  blank  format. 

Include  additional  terrain/barrier  effects  in  MTM.  Listed 
e  the  terrain  and  barrier  effects  modeled  in  MTM  and  the  AWCWG: 


f  Combat 

Movement  Rate 

Multiplier 

Multiplier 

MTM 

AWCWG 

MTM 

AWCWG 

1.0 

1.0 

1.0 

1.0 

2.0 

1.5 

0.5 

0.0625 

3.0 

1.10 

Small 

0.33 

0.95 

1.25 

Medium 

0.85 

1.5 

Large 

0.25 

ts  3.0 

1.5 

0.2 

0.0625 
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.  Conduct  additional  research  on  attrition  equations,  in  either 
nsure  that  boundary  conditions  (annihilation  and  disparate  force 
)  are  properly  dealt  with.  Below  is  an  extract  of  the  AWCWG 
's  Guide  which  details  that  attrition  equation  and  parameters 
o  model  ground  combat. 

mnd  Attrition  Formula.  The  outcome  of  combat  is  determined  by  the  combat 
:ios  of  the  forces  engaged  and  is  expressed  in  attrition  to  each  side 
2  of  loss  to  red  and  blue). 

31  ■  Combat  Ratio  (Blue  to  Red  of  Red  to  Blue) 

:RA  *  Combat  Ratio  Adjustment 

Red  Combat  Power 

:R(B)  *  Combat  Ratio  for  Blue  ■  Blue  Combat  Power 

„  Blue  Combat  Power 

:R(R>  -  Coub.c  Racio  *or  Rei  -  R~d  g5g«"?55S~ 

* 

2RA  »  Combat  Ratio  Adjustment 

FORMULA:  Unit  Loss  -  12  X  CR  X  CRA 

\MPLE  OF  COMBAT  RATIO  ADJUSTMENT  EFFECT  ON  2  OF  LOSS 


CR  X 

CRA 

m 

TOTAL  LOSS  IN  2 

1.0  :  1.0 

1.0 

1.0 

1.25  :  1.0 

1.25 

1.55 

1.5  :  1.0 

1.5  ' 

2.25 

2.0  :  1.0 

2.0 

4.0 

3.0  :  1.0 

3.0 

9.0 

4.0  :  1.0 

4.0 

16.0 

5.0  :  1.0 

5.0 

25.0 

6.0  :  1.0 

6.0 

36.0 

7.0  :  1.0 

9.0 

63.0 

8.0  :  1.0 

9.0 

72.0 

9.0  :  1.0 

9.0 

81.0 

ition  to  the  total  loss  %  above,  the  model  generates  a  random 
which  alters  the  total  loss  %  by  +  of  its  value.  The 
intention  of  the  change  in  attrition  modeling  was  to  amplify 
trition  rate  in  a  disparate  engagement  of  large  forces  against 
The  above  equation  must  be  modified  for  the  differences  in 
time  increments  when  comparing  AWCWG  and  MTU  attrition.  Below 
me  comparative  results: 


AWCWG  LOSS  % 

1.0 

2.25 

9.0 

36.0 

81.0 


MTM  Bde  (6  hr)  Loss 

8.73 
•  13.2 

26.7 

53.7 

80.7 


MTM  Div  (12  hr)  Loss 

16.7 

25.7 

52.7 
100.0 
100.0 


B.  Combat  multipliers  for  flanking  operations.  This  recommen- 

n  has  been  adopted  in  two  instances  by  code  and  one  by  controller 
vention.  If  a  unit  is  moving  and  is  attacked  on  the  flank  or 
its  combat  strength  is  permanently  reduced  by  50%.  If  a  unit 
mbat  is  attacked  from  the  rear,  i.e.  surrounded,  its  combat 
gth  is  reduced  by  50%.  If  a  unit  is  attacked  from  the  flank  or 
the  controller  can  intervene  and  increase  the  combat  strength 
e  attacking  unit  to  portray  the  surprise  and  advantage  of  its 
tion  of  attack. 

C.  Scramble  Defensive  Counterair  (DC A)  aircraft  to  engage 
rating  aircraft.  The  emphasis  of  the  air  war  modeling  in  the 

is  considerably  different  than  in  MTM.  MTM  models  a  very 
led  individual  aircraft  war  while  AWCWG  aggregates  to  the  air 
level.  Specifically,  a  percentage  of  aircraft  are  allocated  to 
CA  mission  by  the  players.  Every  24  hours  of  battle,  the 
t  strength  of  attacking  bombers  and  the  DCA  fighters  are 
to  a  homogeneous  Lanchester  Equation  to  determine  how  many 
rs  penetrated  the  DCA  cover.  The  Lanchester  parameters  are 
ntly  adjusted  so  that  evenly  matched  air  units  would  suffer 
attrition  and  an  additional  3.75%  of  the  bombers  would  be  forced 
vert  from  their  mission.  DCA  is  only  computed  for  those  bombers 
king  airfields.  Combat  Air  Patrol  aircraft  are  allocated  and 
ed  in  a  similar  manner.  The  CAP  Lanchester  parameters  are 
uch  that,  in  an  evenly  matched  battle,  the  bombers  would  suffer 
ttrition  and  an  additional  15%  would  be  diverted. 

D.  DCA  over  a  unit  (aircraft  carriers).  As  noted  in  the  Iasi; 
raph,  CAP  aircraft  would  assist  in  protecting  an  aircraft 

er,  however,  DCA  is  currently  only  modeled  for  airfields. 

B.  Inclusion  of  capability  for  user  to  input  macro  or  micro 
ng  instructions.  No  change. 

P.  Parametrically  address  routing  conflicts  and  transport 
n  degradation.  In  the  AWCWG,  if  two  units  move  through  the  same 
imultaneously,  their  movement  rates  are  degraded  by  75%.  As  the 
moves  units,  it  attempts  to  avoid  moving  two  units  simultaneously 
jh  the  same  hex.  There  is  no  parametric  modeling  of  transport 
n  degradation. 

3.  Utilize  adversary  dependent  attrition  factors.  The  AWCWG 
zes  a  homogeneous  Lanchester  Equation  derivative  which  does  not 
Lminate  as  to  the  types  of  adversary  units  in  ground  combat, 
ir  model  does  discriminate  between  fighters  and  bombers,  but 
etween  types  of  each  or  weapons  carried. 

[I.  Tune  the  current  attrition  equations  by  altering  the  attrition 
r,  rather  than  increasing  the  battle  time.  Although  the  attrition 
ion  has  been  altered,  the  battle  time  increment  problem  has  been 
vated  in  the  AWCWG.  The  battle  time  increment  depends  on  the 
»1  counter  size:  3  hours  for  battalion,  6  hours  for  brigade,  12 
for  division,  and  24  hours  for  corps,.  MTM  increments  every  2 
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RANDUM  FOR  RECORD 

ECT:  McClintic  Theatre  Model  Enhancements  in  the  US  Army  War 
College  War  Game 

REFERENCES : 

a.  The  Joint  Chiefs  of  Staff,  Studies,  Analysis,  and  Gaming  Agency, 
randum  Subject;  McClintic  Theater  Model,  28  Sep  81. 

b.  US  Army  War  College,  USAWC  War  Game  Player's  Guide  (DRAFT), 
ay  83. 

c.  US  Army  War  College,  interview  with  CPT  Steve  Brannon,  Information 
nology  Division,  20  Jun  83. 

PURPOSE:  The  purpose  of  this  memorandum  is  two-fold,  to  detail  those 
ncements  made  to  the  original  version  of  the  McClintic  Theatre  Model 
)  in  the  USAWC  War  Game  (AWCWG)  as  recommended  in  the  1981  Studies, 
ysis,  and  Gaming  Agency  (SAGA)  memorandum  and  to  comment  on  further 
ncements  found  in  the  AWCWG  that  should  be  considered  for  inclusion 
TM. 

The  AWCWG  is  a  greatly  revised  version  of  the  original  MTM  which  was 
rporated  into  the  AWC  curriculum  in  1982.  The  model  has  been 
acted,  written  in  PASCAL,  and  placed  on  an  ALTOS  8000-10  Micro- 
uter.  Each  section  room  at  AWC  is  equipped  with  an  ALTOS.  The  main 
ose  of  the  AWCWG  is  to  assist  instruction  in  the  operational  level 
ar.  The  operational  level  of  war  encompasses  strategic  goals  within 
eater  of  war  and  deals  with  large  unit  operations.  As  with  each 
of  MTM,  the  AWCWG  has  been  tailored  for  instructional  use  at  the 
ational  level.  Several  of  the  enhancements,  however,  are  pertinent 
ultiple  levels  and  purposes  of  MTM  usage.  It  must  be  noted  that  this 
psis  was  accomplished  without  the  availability  of  a  computer  code 
ing  and  is  based  on  the  above  cited  references.  Due  to  the 
retical  and  operational  nature  of  the  analysis,  the  lack  of  specific 
liter  code  does  not  seem  to  be  a  detriment. 

rhis  paragraph  will  list  the  recommendations  of  the  SAGA  memorandum 
the  AWCWG  enhancements ,  if  any,  that  pertain  to  the  recommendation. 

A.  Ownership  of  minefields  by  RED  or  BLUE  forces  (currently  a 

has  no  ability  to  pass  through  a  friendly  minefield (without 
•ring  casualties)).  The  AWCTfG  does  model  ownership  of  minefields. 

friendly  unit  crosses  a  hex  with  a  friendly  minefield,  its  rate 
avement  is  slowed,  but  it  does  not  suffer  casualties  due  to  the 
tield. 
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NAME  LOOK  AT  COMBAT 

ABLE  LIST  TIME. INPTA. INPERA. INPTB. INPERB, OTPTA, OTPERB 
T  FORMAT  FIXED<F4.0, 1X.F2.0, 1X.F4.0. 1X.F2.0, 1X.F4.0. 1X.F2.G. 1X.F3.0) 
T  MEDIUM  DISK 

CASES  UNKNOWN 

TERGRAM  OTPERB  WITH  TIME 

ONS  2.6.7 

ISTICS  ALL 

SH 
ILE 
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An  example  progranvis  on  the  following  page. 

To  run  an  program  the  following:  procedure  can  he  uc<  .1. 


i-A^r  AcG,A  oata  file  name 

l  AVii  UaA  8.  .  JfiiA  f'lU.1.  1 •u^tuh 
P  A^i  OX'L/O 

«hcn  jOU  run  the  program  will  prompt  .you  after  lh<.  fire t  line 

the  program  types,  fype  in  the  followings 

oAiii>  THa  MAinG  Of1  ’iHii)  JPG  a  i-dUG^u-: 

examples  uajj  a3265J?*a3263>L0Qa 


A'uvXtsLi  Criui'iUw.  -  i'J  I'.lri 


to  uAkq  changes  to  niPtj  first  access  the  subroutine  you  warn,  us  change 
or  write  the  subroutine  you  want  to  aua.  ;>ave  the  *a~v.  subroutine  or  roula oc 
a  changod  subroutine*  itaun  teife.  must  be  rc-compilea.  ±o  re -compile  hit*  type 

Atib  to  get  into  the  laXi  mode 

rhen  type 

•sufAdi'  Uui‘UrL 

this  re-compiles  wfri  and  sends  a  copy  of  hit*  to  the  printer  on  1st 
floor  ihayer  ilall 

After  starting  the  '-Otd'L  subroutine,  you  may  sign  off  the  computer 
and  the  compilation  will  continue  to  run.  don’t  forget  to  pic a  up  jour 
copy  of  wi’hJ 


J 
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i'he  different  subroutines  in  the  ni'a  program  maj  be  listed,  in  one 
of  two  w*jL..  .  iLhor  Ijpt 

Lli  i'  OfJ 

or  t^pe 

olj  i^t«wr«.(;c^icL 
Lii'f 

.11  the  work  done  on  hTh  should  be  done  on  the  program 


Also  there  are  t«ro  subroutines  that  are  not  under  u,a*vu 'i\,  out  unaer 


i'nese  programs  are  the  ranuflm  number  generator  and 


frif Pi  jAf.l  i1  jlifrfc 


xhe  files  existing  for  the  analysis  of  combat  subroutine  are  called 

They  may  be  accessed  by  typing 

ubj(ana  the  file  name.; 

Creating  other  data  files 

.(hen  creating  other  data  files  the  files  must  be  opened  in  the 
p.ain  subroutine 

example  :  GPmii(Uhl'i>32  '  ,m'xA'i'Ub  »*Ciia>'  ,ALUi»wb  ) 

fhci  unit  number  may  be  from  1  to  'j6  but  may  not  be  the  cane  number  as 
another  unit  number  for  a  data  file. 

The  files  must  then  be  closed  in  the  control  subroutine 
subroutine ;  CudifiL" 

closing:  ULOiifc;(Uwrf*32) 


J 
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i’his.  procedure  should  be  'followed  in  order  that  the  game  is  ^toppeu 
and  does  not  run  all  night  even  though  jou've  signed  off  the  terminals.  Also 
this  will  allow  jou  to  access  the  data  files  without  trouble,  otherwise 
the  files  will  not  be  closed  proptrlj.  if  jou  can  not  access  the  data  files 
see-  the  goldgoats. 

to  stop  the  --ted  ana  Slue  terminals  .simply  t,>pe,  in  response  to  "commander 
what  is  ^our  command"; 

o'fQp 

tnen  sign  off  the  terminals. 

lo  sign  off  the  control . terminal  tj pe 

wiOirGfc 

.‘his  can  be  done  twice  just  to  make  sure  the  game  is  stopped,  then  tjpo 

VJ.W 

and  sign  off  the  terminal. 
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i’i  iV> 


To  run  ft'Th  you  need  three  terminals,  one  for  the  neu  team,  on a  for  the 
Blue  team,  and  one  for  the  controllers. 

to  start  the  r.Xk  game,  after  signing  on  the  computer  t,,pe 

xGTG 

This  gets  you  into  the  xaiX  moae.  Then  ty pe  ' 

‘!»s>  TAitT  m.i**‘ilTm.  xiUn 

This  starts  the  game,  i*ext  in  order  to  start  the  interaction  of  the 

placers,  on  each  terminal  type 

dit*hTi'i.  iUi'.uX* 

The  program  will  then  ask  you  which  player,  will  use  this  terminal.  ..ext  the 
program  will  ask  if  you  want  the  communication  file  initialize a?  The  first 
time  the  answer  should  be  yes.  if  the  computer  crashes  or  xicxs  jou  off  the 
system,  you  can  restart  the  player  terminals  only  this  time  you  neea  not 
initialize  the  communication  file. 

At  times  the  frfii  game  run  will  be  put  into  the  backlog  of  the  system. 

A  call  to  the  gold  coats  in  the  main  computer  room  Of  Thayer  hall  can  correct 
this.  If  orders  were  put  into  the  terminals  before  the  game  is  taken  off  the 
batch  backlog,  orders  do  not  need  to  lx  retyped,  rather  the  game  should  simply 
continue. 

1 
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A^vO I'Ll. €  U  X  «J;.  < 

This  juide  is  created  to  aid  in  the  further  research  of  hXh.  It  is  not 
an  eJkuative  ^uiae  into  the  computer  Sjutem  nor  doer;  it  contain  over^  thing, 
there  is  to  know  about  rlTfr.  .gather  it.  id  a  compilation  of  trv-  authors 
experiences  into  the  running  of  ruvi,  now  to  maxe  corrections  and  other 
insights  into  HiV.  research. 


AiMiUsn  *-■ 


in is  anne-*  contains  the  initial  results  using  to  analyse  rata  obtained 
from  an  actual  hid  run.  j.nc  Oau  was  of  om  unit  ana  eon  tain:  a  tilt  essential 
data  points  of  that  unit  as  it  procecutu  through  tn-'  combat  subroutine  and 
after  the  results  of  the  subroutine  van  calculate  a. 

Ihe  crta  run  looics  at  the  percent  of  unit  stre  04th  over  time .  xhe 
resulting  scavtergram  for  this  unit  is  irtiat  is  pr-aicu  d  bj  ttie  jjancsu  •  u  r 
square  law. 

after  tiv  jO,j  attrition  of  this  unit,  tne  unit  withuxx.w  but  was 
then  immediately  contac  ted  by  another,  fresner  entuo  unit,  fhus  we  see  a 
tnabr  attrition  rate  for  the  unit  o.u dieted. 

ahis  anne/.  also  illustrates  the  statistical  analysis  portion  of  the 
i'iii  ,  with  which  further  analysis  of  the  tatj  parameters  will  lx.  eonaucteu. 


Terrain/  Combat 

3arrier  Multiplier 

MTM 

AWCWG 

Movement  Rate 
Multiplier 

MTM 

AWCWG 

Highway  1 . 0 

1.0 

3.0 

3.0 

Road  1 . 0 

1.0 

2.0 

2.0 

Bridge  1.0 

1.0 

2.0 

1.25 

River  1.0 

Antitank  1.0 

Ditch 

Minefield  0.5 

Nuclear  0.5 

Contamination 

0.5 

0.33 

2-4  hr  delay 

0.5-1. 5  hr  delay 

12  hr  delay  if  a 
bridge  destroyed 

Chemical  0 . 5 

Contamination 

.95  Red 
.9  Blue 

2-4  hr  delay 

1  hr  delay 

Hills 

1.25 

0.5 

Desert 

1.25 

0.5 

Swamp 

1.5 

0.0625 

Trail, Tunnel 

Pass 

1.0 

1.25 

The  blank  entries  above  are  elements  not  modeled.  As  can  be  seen, 
the  AWCWG  has  increased  the  modeling  of  terrain  effects.  These  effects 
are  incorporated  into  the  combat  power  scores  which  enter  the  ground 
combat  attrition  formulas,  however,  the  effect  of  terrain  on  individual 
weapon  types  is  not  modeled.  This  will  not  be  possible  until  the  model 
uses  heterogeneous  Lanchester  Equations. 

R.  Include  force  training/efficiency  descriptor  for  each  unit. 

No  change. 


S.  Continue  efforts  to  complement  MTM  with  state-of-the-art 
graphics.  No  change. 

5.  There  are  several  other  enhancements  within  the  AWCWG  that  should 
be  considered  in  further  analysis  of  MTM. 

A.  A  unit  suffers  1%  attrition  when  it  breaks  contact. 

B.  The  AWCWG  models  the  linkage  between  combat  units  and  their 
combat  support  and  combat  service  support  as  they  affect  combat  power. 
The  player  allocates  support  and  service  support  assets  to  the  combat 
units.  The  model  then  increases  the  combat  power  points  of  the  combat 
unit  proportionate  to  the  support  allocated.  The  player  also  defines 
Lines  of  Communication  (LOC)  for  the  support  units  to  the  combat  unit. 
If  these  LOCs  are  interdicted  or  cut  by  enemy  action,  the  combat  power 
of  the  combat  unit  is  decremented  24  hours  later.  If  the  support  units 
come  under  ground  attack,  or  when  they  displace,  their  support  is 
stopped  for  a  period  of  time.  This  linkage  is  crucial  to  modeling  the 
deep  interdiction  tactics  of  Air  Land  Battle  and  the  Warsaw  Pact. 


C.  Units  suffer  0.25%  attrition  for  every  10  km  of  ground  movement. 


6.  As  can  be  seen  from  the  above  enhancements,  the  AWCWG  seems  to 
represent  an  improvement  over  MTM  in  modeling  the  operational  level 
of  war.  The  players'  attention  is  focused  more  at  the  large  unit 
level  of  decision  making  and  less  at  the  tactical  level  of  smaller 
unit  combat.  Both  models,  however,  appear  weak  in  modeling  the 
intelligence  function.  Significant  research  and  modeling  effort  is 
required  to  define  operational  level  intelligence  requirements  and 
to  incorporate  these  into  the  theater/corps  level  model. 


MAJ,  FA 

MVP  Coordinator 
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MODEL  VALIDATION  PROCRAM 


IS  June  1983 


DEPARTMENT  OF  ENGINEERING 
OBJECTIVES  AND  ESSENTIAL  ELEMENTS  OF  ANALYSIS (EEA) 


OBJECTIVE  1.  Develop  a  further  understand  tug  of  the  internal  dynamics  of  the 
McClintle  Theatre  Model  (MTM) . 

EEA  1A.  What  la  the  internal  structure  of  MTM,  including  parameter  values 
and  mathmatical  computations? 

EEA  IB.  What  were  the  computer  modeling  weaknesses  of  the  original  MTM? 

EEA  1C.  What  modeling  improvements  have  been  made  in  the  various  versions 
of  MTM? 

EEA  ID.  What  modeling  improvements  have  been  or  should  be  made  to  the 
Honeywell  version  of  MTM  resident  at  USMA? 


OBJECTIVE  2.  Investigate  the  sensitivity  of  MTM  output  to  key  input  parameters. 

EEA  2A.  How  do  input  parameters  mathematically  relate  to  MTM  output? 

EEA  2B.  Which  input  parameters  are  most  significant  to  the  output  values? 

EEA  2C.  What  factors  within  the  model  modify  or  utilize  these  significant 
input  parameters? 

EEA  2D.  What  is  the  source  of  the  input  parameters  and  how  sensitive  is  the 
output  to  changes  of  these  parameters? 

EEA  2E.  How  do  the  input  parameters  and  outputs,  at  subroutine  and  total 
model  level,  compare  with  those  of  other  combat  models  resident  at  other  Array 
analytic  agencies? 

a 

EEA  2F.  Which  of  the  input  parameter  values,  their  relative  significance, 
and  resultant  output  values  are  not  consistent  with  combat  modeling  precepts  or 
military  Judgement? 


OBJECTIVE  3.  Assess  the  Impact  of  the  stochastic  aspects  of  MTM  upon  the 
confidence  which  can  be  placed  upon  model  results. 

EEA  3A.  What  are  the  stochastic  elements  within  the  model? 

EEA  3B.  Are  the  stochastic  elements  correctly  model  and  stochastic 
events  correctly  generated? 
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EEA  3C.  How  do  the  stochastic  elements  effect  the  model  results? 

EEA  3D.  Are  the  model  results  within  a  reasonable  range  based  on  the  stochastic 
elements  which  effect  them? 

EEA  3E.  How  does  human  variability  effect  MTM  results? 

OBJECTIVE  4.  Assist  the  use  and  Interpretation  of  MTM  output  by  using  available 
technology  to  develop  additional  MTM  post-game  analysis  techniques? 

EEA  4A.  What  are  the  critical  variables  necessary  for  post-game  analysis? 

EEA  4B.  How  can  computer  statistical  routines  such  as  SPSS  be  used  to  gather 
and  display  outputs  and  variables  for  analysis? 

EEA  4C.  !low  can  computer  graphics  be  used  to  display  outputs  and  variables  for 
analysis? 
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DEPARTMENT  OF  HISTORY 

OBJECTIVES  AND  ESSENTIAL  ELEMENTS  OF  ANALYSIS(EEA) 

OBJECTIVE  1.  Address  Che  fidelity  of  MTM  with  historical  results  through  the 
MXM  gasiing  of  selected  military  battles. 

EEA  1A.  What  are  useful  sources  of  historical  data  for  use  in  MTM? 

EEA  IB.  What  methodology  was  used  to  convert  terrain  and  unit  data  into 
an  MTM  data  base  for  the  historical  battles? 

EEA  1C.  How  well  did  the  MTM  version  at  the  Army  War  College  replicate  the 
1973  Sues  Crossing?  * 

EEA  ID.  How  well  did  the  MTM  version  at  the  Concepts  Analysis  Agency  replicate 
the  Falkland  Islands  battle? 

EEA  IE.  How  well  did  MTM  at  USMA  replicate  the  Battle  of  Karkov? 

EEA  IF.  How  well  did  MTM  at  USMA  replicate  the  Battle  of  the. Bulge? 

EEA  IG.  Do  the  combat  parameters  within  MTM  appear  correct  from  a  historical 
perspective? 

EEA  1H.  In  what  areas  of  combat  results  does  MTM  replicate  history? 

EEA  II.  In  what  areas  of  combat  results  does  MTM  not  replicate  history  and 
what  appear  to  be  the  critical  factors  which  contribute  to  the  discrepancy? 

EEA  2J.  How  does  MTM  compare  with  results  experienced  in  the  Quantified 

a 

Judgment  Model? 

OBJECTIVE  2.  Assess  the  usefulness  of  a  computer  wargame  such  as  MTM  as  a  tool' 
for  obtaining  historical  insight. 

EEA  2A.  What  combat  factors  does  the  model  indicate  were  most  critical? 

EEA  2B.  Can  the  model  facilitate  the  effects  of  changing  battle  events  or 
factors?  ' 

EEA  2C.  Does  the  msdi&f  dlfrtlngeiatr  between?  the*  results*  off  ar  good  »hd-a-  peer* 


battle  plan  and  execution? 


JECTIVE  3.  Explore  ehe  pedagogical  applications  of  MTM  within  the  Department  of 
story. 

EEA  3A.  What  modifications  are  required  to  FIRST,  the  data  base  building  program, 
i  facilitate  its  use  in  historical  analysis? 

EEA  3B.  What  modifications  are  required  to  M1M  to  facilitate  its  use  in 
Lstorical  analysis? 

EEA  3C.  Whet  additional  output  media  would  facilitate  historical  analysis. 

SOTE:  Several  other  curricular  aspects  of  HIM  are  being  explored  which  do  not 
ecessarily  pertain  to  the  MVP. 

SJECT1VE  4.  Identify  shortfalls  in  the  MTM  battlefield  environment  or  in  the 
spiction  of  primary  combat  functions. 

EEA  4A.  What  primary  combat  functions  are  not  modeled  within  MTM? 

EEA  4B.  What  prismry  combat  functions  within  MTM  appear  to  be  unrealistically 
odeled? 

EEA  4C.  What  combat  results  from  MTM  appear  to  be  unrealistic? 

EEA  4D.  What  levels  of  units  does  MTM  model  effectively? 
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An  Analysis  of  Ground  Coabat  Attrition 


in  ths  McClintic  Thsatsr  Modsl  Plus 


Introduction 


Page  2 

(U)  Th*  McClintic  Theater  Model  Plus  is  an  interactive 
computer  simulation  of  theater  level  warfare,  designed  for  the 
analysis  of  operations  orders  and  contingency  plans.  From  the 
model,  analysts  can  extract  critical  combat  information,  such  as 
the  extent  to  which  the  mission  ha*,  been  accomplished,  manpower 
levels,  and  logistics  consumption. 

<U)  For  the  analysts  to  be  confident  about  the  information 
that  they  are  providing,  they  must  be  satisfied  that  the  the 
model  is  a  realistic  simulation  of  theater  level  warfare.  The 
developement  of  MTM+  has  progressed  to  a  point  where  the 
analysts  feel  confident  in  the  ~ab!Tl  ty'’ of  *'fhV  mbdel  to  iimulate 

mo.ement  of  forces  by  both  ground  and  air,  logistical  resupply 

*  * 

and  barrier  enplacement.  Additionally,  analysts  can  be 
confident  of  their  ability  to  correctly  extract  the  pertinent 
information  from  the  model.  The  outcome  of  any  computer 
simulated  conflict  is  highly  dependent  on  the  method  the  model 
follows  in  attriting  forces  engaged  in  combat.  It  is  combat 
attrition  which  determines  the  outcome  of  the  factors  that  are 
of  interest  to  the  study's  sponsors,  and  yet,  it  is  in  this  area 
where  the  developers  of  MTM+  are  least  sure  of  the  ability  of 
the  model  to  simulate  reality.  The  purpose  of  this  paper  will 


Pag*  3 


b*  to  present  and  analyst  the  results  of  t ho  algorithms  modeling 
allocation  and  attrition  of  ground  forces  in  MTM+ .  This  report 
will  not  discuss  other  important  causes  of  force  attrition,  such 
as  mine  warfare  and  air  attacks.  Due  to  their  significant 
impact  in  MTM+.  these  algorithms  should  be  studied  to  determine 
their  applicability. 

Procedure 
for  Testing 

the  Attrition  Algorithm 

(U)  Testing  of  the  attrition  results  from  MTM+  was  a  four 

stage  process.  The  first  stage  required  a  general  familiarity 

with  the  entire  model  and  a  sore-detailed  understanding  of  the 

* 

allocation  and  attrition  algorithms.  The  second  sYage  was  the 
developement  of  a  process  to  isolate  desired  units,  fight  them 
in  a  controlled  situation  And  obtain  desired  battle  information. 
Thirdly,  a  number,  of  representative  engagements  needed  to  be 
selected  and  run  through  the  process.  The  final  stage  was  an 
analysis  of  the  resul ts  to  determine  their  reasonableness. 

Allocation  and  Attrition 

<U>  Allocation  and  attrition  in  MTM+  is  based  on  a 
deterministic  algorithm  developed  by  Or.  Dennis  DeRiggi.  The 
implementation  of  this  algorithm  into  the  interactive  wargame 
has  some-  stochastic  properties.  Sample  site  studies  were 
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performed  and  revealed  that  tha  stochastic  iffieti  war*  not 
great.  Thara  wara  additional  changes  from  concapt ion  to  coda 
which  did  hava  a  significant  affact  on  tha  results;  however,  I 
will  not  discos*  these,  sinca  tha  program  will  ba  modifiad  to  do 
away  with  tha  discrapancias . 

<U)  Tha  algorithm  is  divided  iivto  two  sagmants:  allocation 
and  attrition.  Tha  algorithm  saas  allocation  as  tha  problam  of 
how  a  firar  can  partition  its  rounds  of  ammunition  among  tha 
targats  acquired.  Each  targat  has  a  point  valua  that  tha  firar 
aarns  if  it  kills  tha  targat.  Tha  firar  also  has  a  single  shot 
kill  probability  (sskp>  for-  each  targat.  Tha  algorithm 
aatiaitas  tha  aapactad  valua  of  tha  number  of  point's  that  tha 
firar  aarns.  Tha  aapactad  point  valua  for  firing  one  round  at  a 
targat  is  tha  product  of  tha  targat  point  valua  and  tha  sskp  for 
that  targat.  Tha.  targat  or  targats  for  which  the  aapactad  point 
value  is  tha  greatest  will  ba  tha  firar's  preferred  targat.  Tha 
algorithm  is  not  integral;  it  will  allocate  fractional  rounds 
to  a  targat  if  that  is  what  is  optimal.  For  a  mathematical 
treatment  of  tha  algorithm,  sea  tha  technical  paper  CAA-TP-83-X, 
Expected  Valua  Allocation  Procadura,  by  Dr.  DeRiggi. 
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<U>  Th*  actual  attrition  of  to retf  is  handled  separately 


from  t ha  allocation  of  fir*.  Two  hittroganoui  f orets  an 
divided  into  homogeneous  class**  firing  at  taeh  of  th*  opposing 
fore*  homogeneous  classes.  Each  class  consists  of  a  group  of 
similar  weapons  with  all  m*mb*rs  of  th*  class  having  th*  sam* 
point  valu*  and  sskp  with  r*sp*ct  to  th*  opposing  class**  of 
weapons .  Th*  algorithm  determines  how  many  weapons  within  each 
group  on  on*  side  at*  kill*d  by  each  of  th*  groups  on  th*  other 
sid*.  Th*  number  attritad  is  function  of  th*  firing  group  sskp 
for  th*  target  typ*#  th*  numb*r  of  weapons  in  th*  firing  group, 
th*  numb*r  of  weapons  in  th*  targ*t  group,  th*  probability  of  a 
single  firar  acquiring  a  particular  target,  and  th*  number  of 
rounds  *ach  firar  has  a  1 1  oca  fed  "T  d " “*  t  he-  Target  group.  Th* 
mathematics  of  th*  algorithm  can  b*  found  in  th*  abov* 
r*f*r*nc*d  paper. 

How  Battles  Vara  Analysed 

<U)  A  method  was  n**d*d  to  fight  controlled  battles  using 
th*  MTM+  attrition  algorithm.  To  accomplish  this  task,  a 
FORTRAN  program  was  written  whic  allows  th*  user  to  specify  any 
number  of  th*  units  in  th*  NTM+  data  list  to  *ngag*  anamy  forces 
anywhtr*  on  th*  terrain  board,  for  a  specified  length  of  time  or 
to  a  given  cutoff  threshold  ,  for  a  raquastad  number  of 
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epetitons.  This  driver  program,  namad  Arana,  is  linked  with 
ha  MTM+  object  coda  library  to  obtain  an  executable  modult .  An 
nnotatad  listing  of  Arana  has  praviously  baan  praparad. 

Units  to  Ba  Tastad 

<U>  A  numb  a r  of  raprasanta t i va  US  units  wars  tastad  against 

,/  ,  # 

typical  Soviet  motorisad  rifla  division.  Tha  thraa  units 
hich  wars  run  for  this  study  wars  tha  101st  Air  Assualt 
ivision,  tha  02nd  Airborna  Division,  and  a  portion  of  tha  24th 
echanixed  Infantry  Division,  as  playad  by  daaonstrat ion 
arsions  of  MTM+ .  Tha  savan  classas  of  waapons  wara:  tanks; 

nfantry  fighting  vahiclas;  araorad  parsonnal  carriars; 
nti-tank  waapons;  artillery*  '<fid  mdrtir  jfiecas;  air  ’dafansa 
aapons;  and,  small  arms.  Each  battla  was  sat  for  twanty-four 
ours,  and  raplleatad  tan  tiaas. 

Results 

(U)  Tha  results  for  tha  thraa  cases  are  presented  at  Tables 
-  3.  Each  matrix  is  tha  seven-by-seven  weapon  class  versus 

aapon  class  ki 1 1 ar / v i c t im  scoreboard.  Tha  two  values  in  each 
atrix  entry  are  tha  US  scores  against  Soviet  (Top)  and  tha 
oviat  against  US  (Bottom)  weapon  classas.  Tha  units  of  these 
aluas  are  k i 1 1 s / f i r ar / day .  Vithin  tha  target  value  and  sskp 


TABLE  -i  ■  US  and  Soviet  Ki 1 1 er /Vi e t im  Seonbotcd, 
/OfST  /H&  AZ&A**>i-T  Division  . 


1 1  r i t  sd  Vtipon 


TANK 


ARTY 


Smi  11  Arl 


Rates  are  in  fci 1 1  ml t i r s r / day . 
Top  value  -  US  attriting  Soviet 

Bottom  -  Soviet  attrlting  US 
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TAILS  2.  •  US  and  Soviet  Ki 1 l er /Vi c t im  Scoreboard, 
12Mb  **&««*/£  Oi vision  . 
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Attritod  Weapon 

TANK  IPV  ••  APC  AT  ARTY  AO  Small  Ara 

At  tr i t ing 
Weapon 

v  | 

TANK 

I 

IFV 

APC 

AT 

ARTY  ' 

AD 

Small 

Arms 


Top 


Ratos  are  in  ki 1 1 s/ f i ror /day . 
valao  -  VS  at tr it ing  Soviet 

Bottom  -  Soviet  attriting  VS 


TABLE  3  .  US  end  Soviet  Ki 1  tor /Viet ia  Scoreboard, 
XM-n<  »*Pf««e.o  Division  . 


Attritod  Weapon 

TANK  IPV  APC  AT  ARTY  AD 

A 1 1  r i t i ng 
Veopon 

TANK 


IFV 


APC 


AT 


ARTY 


AD 


Small 
Arm  • 


Rotes  ore  in  ki i i s/ f i rer /day . 
Top  value  -  US  ettritlng  Soviet 

Bottom  -  Soviet  ettritlng  US 
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calculations  art  ths  assumptions  that  Soviet  forces  are 
attacking  US  forces  in  a  prepared  defense  posture.  The  computer 
outputs  listing  the  initial  unit  weapon  strengths,  and  the  mean, 
standard  deviation,  and  masimum  kill  rates  for  the  tests 
presented  here  are  attached  as  an  appendix. 


Conclusions. 


<U)  The  results  from  the  MTM+  attrition  algorithm  are  not 
realistic.  More  acceptable  results  could  be  achieved  by  tuning 
the  target  values  and  sskp's  used  in  the  game.  However,  I  would 
recommend  a  different  algorithm  be  employed,  one  that  uses  a 

more  objective  means  for  deriving  the  measures  of  target 

•  * 

priority  values,  and  also  a  std*chal  1 1 C  al  I'SeVtTbh  of  an  fntegral 
number  of  rounds  fired,  to  make  the  model  more  nearly  reflect 
the  underlying  allocation  and  attrition  process. 
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341 

342 

343 

344 
3  4  S 
3  4  6 

347 

348 

349 
3  S  0 
331 


4  1  0 
420 
430 

440 


FORMAT  <  1  0  (  if>. ,  40  X  »J  R£S  ,  A  4  ,  '  ATTR I T I NC  1  , 

/,'  ^i*VEAPQN,'l  .i; 

'  ^"*iCt*A'SS  *  W 10,/, 

10X , 1  INITIAL '  ,  /  , 

10X , '  COUNT1 ,7110,//) 

FORMAT (2110, 4X , 7E10 . 3 ) 

FORMAT ( 2  4 X , 7E10  .  3 ) 

FORMAT  <  2  4  X ,  1 - 

- •  ) 

FORMAT < 1 1 1 ) 

END 


mi  m  'ui,  umigiuj  ■iu.mgCTT^g’TOK.' ,  i.»j,,;».':i  ■h.sm.vhjaj.1., 


0288 

0289 

0290 

0291 

290 

0292 

0293 

0294 

0293 

0294 

0297 

0298 

0299 

0300 

030  1 

300 

0302 

0303 

0304 

0303 

0304 

0307 

310 

0308 

0309 

0310 

0311 

0312 

0313 

0314 

0313 

0314 

0317 

0318 

0319 

0320 

370 

0321 

0322 

380 

0323 

390 

0324 

0323 

10 

0324 

40 

0327 

30 

0328 

40 

0329 

200 

0330 

210 

0331 

240 

0332 

240 

0333 

320 

0334 

330 

0333 

0334 

340 

0337 

330 

0338 

0339 

0340 

340 

BC LOCK*  B CLOCK- I  RACE 
HOLDER* I  SEED 
REWIND  44 
CONTINUE 
DO  300  I  COL* 1 , 2 
DO  300  1*1,7 
DO  300  J* 1 , 7 
SUMX«RESULT( I  COL , I , J,  1  > 

SQSUM* RESULT ( 1COL, I , J, 2) 

RESULT ( I  COL, I , J, 1 >«SUMX/ IREPT 

RESULT< I  COL , I , J , 2 ) • < I REPT*SQSUM-SUMX *  *  2 ) / 

< IREPT* ( IREPT-1 ) ) 

IF  <  RESULT ( I  COL, I , J, 2  >  . LT. 0  > RESULT ( I  COL , I , J , 2 ) *0 
RESULT < I  COL , I , J , 2  > -RESULT ( I  COL , I , J, 2 ) ** . 5 
CONTINUE 
WR I TE  <83 , 320) 

WRITE <83, 330) 

DO  310  INFIGHT-1 , JNUM 

WR I TE (83,340) NUN I T ( I F I LE  < INFIGHT) ) ,UNITCL< IFILE< INFIGHT) > 
I EW< INFIGHT)  , INS ( INFIGHT) , TRH  < INFIGHT) 


CONTINUE 

WRITE (83,330)1 REPT ,  I RAGE, INSEED. I  SEED 
WRITE (83,340) 

DO  380  ISDE-1,2 

NOSP-3-  ISDE  • - -  ,  - 

ATTACK- a  RED  ' 

I F< ISDE.EQ. 1 ) ATTACK* ' BLUE • 

WRITE (83,400) ATTACK, (NW.NW-l , 7) , (NSTART(NOSP , LW) , LW* 1 , 7 > 
DO  370  NW-1,7 

WRITE (83,410 )NW,N8TART( ISDE.NW) . ( RESULT ( ISDE.NW.NME, 1 ) , 
NME* 1,7) 

WRITE (83 , 420) ( ( RESULT ( I SDE , NW, NME , IDT) ,NME*1 , 7) , IDT- 2 , 3 
WRITE (83,430) 

CONTINUE 
WRITE (83, 4 40) 

CONTINUE 
CONTINUE 
CALL  GRAFX ( 8 ) 

FORMAT! IS) 

FORMAT! I  4 , / , 14 , / , 14) 

FORMAT! 1 4 , / , F3 . 2 , / , A2 , / , 12) 

FORMAT! 112) 

FORMAT (AS) 

FORMAT! 1 2 ( / ) ) 

FORMAT! 14< /  )  ) 

FORMAT! 20X, 7E 1 0.  1) 

FORMAT! 10 </>, 40X ANALYSIS  OF  BATTLE  DATA1) 

FORMAT! / / , 2X , 'UNIT  NUMBER* ,7X, ’COLOR* ,  9X, * EW  LOC * ,  9X, 

'NS  IOC, 


8X , 'THRESHOLD* ) 

FORMAT < 4X, 14, 12X,A4, 11X.A2, 13X, 14, 12X,FS.  1) 

FORMAT! /. X,  'NUMBER  OF  REPETITI ONS *  , I  4 , / , X ,  *  NUMBER  OF  HOURS 
PER  BATTLE*  , 14, / ,X,  *  INITIAL  RANDOM  NUMBER  SEED  *,I12,/,X, 
'FINAL  RANDOM  NUMBER  SEED  ',112) 

FORMAT! ' 1 ' ) 


F32 


..  - 

».V  * 


HB— agWEB  WM ,  ’J  -  u  J  'Jll'.l  J.  >  ■  i.-,  ■  FJW  1  ,!»« 


0  2  3  4 

ISEED-HOLDER 

0233 

100 

DO  130  I LOCal , JNUM 

0234 

POINTS ( I F I LE  < I LOC ) )■! POINT ( IL0C> 

0237 

PERCNT! I F I LE ( ILOC) >aPRCNT< I LOC ) 

0238 

DO  110  ISUPal.12 

0239 

SUPPLY! IFILE! ILOC) , I SUP >« I  FORCE < ILOC, ISUP) 

0240 

110 

CONTINUE 

0241 

DO  120  IVEPal,7 

0242 

NUMSERWEAPONS ( IFILE! ILOC) , I VEP ) *  I WEAPON < ILOC, IVEP) 

0243 

120 

CONTINUE 

0244 

EV< I F I LE  < I LOC ) ) a  I EV< I LOC  > 

0243 

NS(  I FILE!  ILOC)  )aINSUXOC) 

0244 

THRES! IFILE! ILOC) ) aTRH ! ILOC) 

0247 

EWNEXT! IFILE! ILOC) )aIEW! ILOC) 

0248 

NSNEXT! IFILE! ILOC) ) a  INS! ILOC) 

0249 

EVFIRE! IFILE! ILOC) )aIEV! ILOC) 

0230 

NSF IRE! IFILE! ILOC) ) a  INS! ILOC) 

0231 

130 

CONTINUE 

0232 

IF  !! IRON. EQ. 1 ) .AND. !NOB. EQ. 1 ) )CALL  CRAFX(0> 

0233 

IF! ! IRON.EQ. 1 )  .AND. !NOB . NE . 1 ) >  CALL  CRAFX ( 1 ) 

0234 

140 

DO  140  Mai , I RACE / 2 

0233 

BATTIMaBCLOCX 

0234 

CALL  COMBAT! 1 FRESH) 

0237 

IF!  NBATL . NE . 0 ) COTO  130 

0238 

IRAGEaM*2  - - 

0239 

COTO  170 

0240 

130 

BCLOCKaBCLOCX+2 

0241 

140 

CONTINUE 

0242 

170 

REWIND  44 

0243 

DO  243  XOVIRal , IRAGE/2-1 

0244 

DO  190  LINKal , 2 

0243 

ISO 

RIAO! 44,200) IRCAT 

0244 

IF!  IRCAT.NE  .  ' - •  )GOTO  180 

0247 

190 

CONTINUE 

0248 

READ! 44,210) 

0249 

DO  230  ICOLal,2 

0270 

DO  230  Ial,7 

0271 

READ! 44, 240) ! DEAD! ICOL, I , J) , J-l ,7) 

0272 

DO  220  Jal,7 

0273 

ONCE! ICOL, I , J)aONCE! ICOL, I , J) +DEAD! ICOL, I  ,  J ) 

0274 

220 

CONTINUE 

0273 

230 

CONTINUE 

0274 

IF  ! ICOL. EQ. 1 )READ!44, 240) 

0277 

230 

CONTINUE 

0278 

243 

CONTINUE 

0279 

.. 

DO  280  I COLa l , 2 

0280 

DO  280  I a 1 , 7 

0281 

DO  280  Jal,7 

0282 

RESULT! ICOL, I , J, 1 ) aRESULT! ICOL, I , J , 1 ) +ONCE! I  COL , I , J) 

0283 

RESULT! I COL , I , J , 2 ) aRESULT! I COL , I , J , 2  > 

♦ONCE! ICOL, I , J>**2 

0284 

IF ! RESULT! ICOL, I , J, 3) . GT . ONCE ! I COL , I , J) >GOTO  270 

0283 

RESULT! ICOL, I , J , 3 ) aONCE ! ICOL , I , J ) 

0284 

270 

ONCE! ICOL, I , J>-0 

otor 

2** 

CONTINUE 

F31 


0001 
0191 
0182 
0183 
0184 
018  3 

0  186 
0187 
0188 
0187 
0190 
0191 
0192 
0193 
0194 
0195 
0196 
0197 
0198 
0199 
0200 
0201 
0202 
0203 
0204 
0203 

0206  20 

0207 
0208 
0209 

0210  30 

0211 
0212 
0213 
0214 
0213 
0216 
0217 
0218 
0219 
0220 
0221 
0222 
0223 
0224 
0223 

0226  70 

0227 
0228 

0229  80 

0230  90 

0231 
0232 
023* 


INCLUDE  ’PHOC.' 

INTEGER  HOLDER 
CHARACTER  I EW*2 , IRCAT*5 

DIMENSION  I EW (40) , ID(40> ,TRH(40> , INS < 40)  , I  FILE (40) 
DIMENSION  IPOINT<  40  >  ,  PRCNT<  4  0  )  ,  IWEAPON(  4  0 ,7),  I  FORCE  <  4  0,1 ... 
DIMENSION  RESULT<  2, 7 ,7,3) ,ONCE( 2 ,7,7) , NSTART ( 2,7), 

DEAD (2,7,7) 

CALL  SYS  6  CREMBX ( , I  CHAN,  , ,  ,  ,  'GRAPHICS'  ) 

OPEN (UN IT* 6 6 .NAME* ' GRAPHICS ' , CARR I AGECONTROL- 'LIST' , 
STATUS- ' UNKNOWN • ) 

WRITE  <66, 10)  1 
TRACE-. FALSE. 

PRINT*, 'IN  VITRO  ANALYSIS  OF  MTM+  COMBAT  ATTRITION' 
PRINT*,'  ' 

PRINT*, 'HOW  MANY  BATTLES  DO  WANT  TO  RUN?' 

READ* ,NBAT 
DO  390  NOB- 1 , NBAT 
CALL  INDATA 
CLOSE (UNIT- 14) 

DO  20  ICOL-1,2 
DO  20  I-l , 7 
DO  20  J- 1,7 
DO  20  K-1,3 
ONCE ( I COL , I , J ) -0 

DEAD  <  I  COL  ,  I  ,  J7  -0  “  ’  *  - 

RESULT! I COL, I , J,K) -0 
,  NSTART < I COL, I ) -0 
CONTINUE 

READ! 86,40) JNUM , IREPT, IRAGE 
DO  30  J-l.JNUM 

RE AD  <  86,30)ID(J) , TRH ( J ) , IEW(J> , INS ( J ) 

CONTINUE 

IF(NOB. EQ. 1 >READ< 86 , 60 > ISEED 
IF (NOB .NE . 1) I  SEED-HOLDER 
INSEED-ISEED 
IRAGE- INT! IRAGE/2)*2 
DO  90  LOC-1 .NUMBERUNITS 
DO  90  I LOC-1, JNUM 
IF! ID< ILOC) .NE  NUNIT(LOC) ) GOTO  90 
IFILE!  ILOO-LOC 
I  POINT! I LOC) -POINTS (LOC) 

PRCNT! ILOC) -PERCNT! LOC ) 

DO  70  IWEP-1,7 

IWEAPON! ILOC, IWEP ) -NUMBERWEAPONS (LOC , IWEP) 

I COL-1 

IF(UNITCL!LOC) . EQ. 'RED  '>!COL-2 

NSTART! ICOL, IWEP ) -NSTART! I  COL , IWEP ) ♦ IWEAPON ( ILOC, IWEP) 
CONTINUE 
DO  80  ISUP-1 , 12 

IFORCE! ILOC, I  SUP ) -SUPPLY ( LOC , ISUP) 

CONTINUE 

CONTINUE 

DO  290  IRON-1, IREPT 

PRINT* , 'STARTING  REP', I RON,'  OF  BATTLE', NOB 

I  FI  IRON 4  EQ.  1 ) GOTO:  100 
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LISTING  OF  ARENA 


OUTPUT  FORMAT 


WHEN  FILE  83  IS  PRINTED  EACH  BATTLE  IS 
REPORTED  ON  THREE  PACES  OF  OUTPUT 

THE  FIRST  PACE  CONSISTS  OF  A  SYNOPSIS  OF 
PERTINENT  BATTLE  DATA 

IT  GIVES  THE  UNITS  INVOLVED  IN  THE  COMBAT, 
THEIR  COLORS, LOCATIONS  AND  THRESHHOLDS 

THE  SECOND  AND  THIRD  PAGES  ARE  THE  ATTRITION 
RESULTS  FOR  EACH  WEAPON  ON  WEAPON  PAIR.,. 
FIRST  FOR  BLUE  WEAPONS  ATTRITNG  RED  WEAPONS 
AND  THEN  FOR  RED  WEAPONS  ATTRITING  BLUE 
WEAPONS 

EACH  WEAPON  ON  WEAPON  PAIR  HAS  A  BLOCK  OF 
THREE  VALUES  ASSOCIATED  WITH  IT 

THE  VALUES  ARE  ; 


MEAN  AMOUNT  ATTRITED 
STANDARD  DEVIATION 
MAXIMUM  ATTRITED 


Pag*  7 


HOW  TO  RUN  ARENA 


FIRST;  EDIT  FILE  FOROS4.DAT 

INTO  THIS  FILE,  ENTER  DATA  FOR  BATTLES  IN  THIS  ORDER; 
NUMBER  OF  UNITS  IN  BATTLE 
NUMBER  OF  REFITITIONS 

NUMBER  OF  HOURS  THE  BATTLE  WILL  BE  FOUGHT 
THEN  FOR  EACH  UNIT  IN  THE  BATTLE  ENTER; 

UNIT  IDENTIFICATION  NUMBER 
THRESHOLD 
EAST  VEST  LOCATION 
NORTH  SOUTH  LOCATION 
ONLY  IF  THIS  IS  THE  FIRST  BATTLE  ENTER; 

RANDOM  NUMBER  SEED 

t  REPEAT  FOR  EACH  DIFFERENT  BATTLE  TO  BE  RUN 


EXIT  FROM  FILE0S6.DAT  AND 

ASSIGN  INPUT. DAT  FOROI4 
ASSIGN  GFXIN.DAT  FOR047 

ON  ONE  TERMINAL  RUN  ARENA 

ON  A  SECOND  TERMINAL  RUN  DRIVER* 

WHEN  PROMPTED,  ENTER  THE  NUMBER  OF  BATTLES 

TO  BE  RUN 

AFTER  PROGRAM  IS  COMPLETE 

PRINT  FILE  FOR08S.DAT  TO  OBTAIN  RESULTS 


I 


THRES 

EVNEXT 

NSNEXT 

EVF  IRE 

NSFIRE 

H 

BATTIM 

BCLOCX 

NBATL 

I  OVER 
LINE 
IRC  AT 
SUNZ 
SQSUM 

INFICHT 

ISOE 

ATTACK 

NW 

LV 

NME 

IDT 


ARRAY  OF  UNIT  THRESHOLD  VALUES  IN  FILE  INPUT . DAT 
ARRAY  OF  EAST  WEST  DESTINATIONS  IN  FILE  INPUT . DAY 
ARRAY  OF  NORTH  SOUTH  DESTINATIONS 
IN  FILE  INPUT . DAT 

ARRAY  OF  EAST  VEST  TARGET  LOCATIONS 
IN  FILE  INPUT . DAT 

ARRAY  OF  NORTH  SOUTH  TARGET  LOCATIONS 
IN  FILE  INPUT . DAT 
CURRENT  TWO  HOUR  BLOCK  OF  COMBAT 
TIME  OF  TWO  HOUR  BLOCK  OF  COMBAT 
GAME  TIME 

NUMBER  OF  ENGAGEMENTS  DURING . CURRENT 
TWO  HOUR  BLOCX  OF  COMBAT 
CURRENT  TWO  HOUR  BLOCK  OF  COMBAT 
FIRST  OR  SECOND  DASHED  LINE  IN  FILE44 
STRING  TO  FIND  DASHED  LINES  IN  FILE44 
SUM  OF  AMMOUNTS  ATTRITED  IN  CURRENT  BATTLE 
SUM  OF  SQUARES  OF  AMOUNTS  ATTRITED  IN 
CURRENT  BATTLE 

NUMBER  OF  UNIT  AMONG  UNITS  IN  CURRENT  BATTLE 

SIDE  NUMBER 

COLOR  OF  SIDE  FIRING 

WEAPON  TYPE 

WEAPON  TYPE 

EAPON  TYPE"  “  '*  - - 

STATISTIC  TO  BE  CALCULATED 
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NBAT 

NOB 

I  COL 

I 

J 

K 

ONCE 

DEAD 

OF 


RESULT 

NSTART 

JNUM 

IREPT 

I  RAGE 

ID 

TRH 

IEV 

INS 

ISEEO 

HOLDER 

INSEEO 


LOC 

NUMB E RUN ITS 
I  LOC 
NUN  IT 

IFILE 
I  POINT 
POINT 
PRCNT 

PERCNT 

IVEP 

IVEAPON 

NUMBERVEAPONS 

VNITCL 
I  SUP 
I FORCE 
SUPPLY 


IRON 

EV 

NS 


LISTING  AND  DEFINITION  OF  VARIABLES 
IN  ORDER  OF  APPEARANCE 


NUMBER  OF  DIFFERENT  BATTLES  TO  BE  RUN 

CURRENT  BATTLE  BEING  ANALYEZED 

COLOR  OF  SIDE  1-BLUE, 2-RED 

FRIENDLY  WEAPON  TYPE 

ENEMY  WEAPON  TYPE 

STATISTIC  TO  BE  CALCULATED 

ARRAY  TO  STORE  ATTRITION  DATA  FOR  CURRENT  REPT. 
ARRAY  TO  STORE  ATTRITION  DATA  FOR  TWO  HOUR  BLOCK 

COMBAT 

ARRAY  TO  STORE  ATTRITION  DATA  FOR  CURRENT  BATTLE 

ARRAY  TO  STORE  INITIAL  WEAPON  INVENTORIES 

NUMBER  OF  UNITS  IN  CURRENT  BATTLE 

NUMBER  OF  REPITITIONS  TO  RUN  OF  CURRENT  BATTLE 

NUMBER  OF  HOURS  CURRENT  BATTLE  IS  FOUGHT 

ARRAY  TO  STORE  UNIT  ID  NUMBER 

ARRAY  TO  STORE  UNIT  THRESHOLD  ‘ 

ARRAY  TO  STORE 'UNrr  EAST  WEST' LOCATION 
ARRAY  TO  STORE  UNIT  NORTH  SOUTH  LOCATION 
RANDOM  NUMBER  SEED 

FINAL  RANDOM  NUMBER  SEED  FROM  PREVIOUS  REPITIION 
RANDOM  NUBER  SEED  AT  START  OF  REPTITIONS  OF 
CURRENT  BATTLE 

LOCATION  OF  UNIT  IN  FILE  INPUT. DAT 
NUMBER  OF  UNITS  IN  FILE  INPUT. DAT 
LOCATION  OF  UNIT  AMONG  UNITS  IN  CURRENT  BATTLE 
ARRAY  OF  UNIT  IDENTIFICATION  NUMBERS 
IN  FILE  INPUT. DAT 

ARRAY  TO  STORE  UNIT  IDENTIFICATION  NUMBERS 
ARRAY  TO  STORE  POINT  VALUE  OF  UNITS 
ARRAY  OF  UNIT  POINT  VALUES  IN  FILE  INPUT . DAT 
ARRAY  TO  STORE  PERCENTAGE  OF  UNIT  STRENGTHS 
REMAINING 

ARRAY  OF  PERCENTAGE  OF  UNIT  STRENGTHS  REMAINING 
IN  FILE  INPUT. DAT 
WEAPON  TYPE 

ARRAY  TO  STORE  NUMBER  OF  WEAPONS  OF  EACH  TYPE 
BY  UNIT 

ARRAY  OF  NUMBER  OF  WEAPONS  OF  EACH  TYPE  BY  UNIT 
IN  FILE  INPUT. DAT 

ARRAY  OF  UNIT  COLORS  IN  FILE  INPUT . DAT 
SUPPLY  CATEGORY 

ARRAY  TO  STORE  SUPPLIES  ON  HAND  IN  UNITS 
ARRAY  OF  SUPPLIES  ON  HAND  IN  UNITS 
IN  FILE  INPUT. DAT 
CURRENT  REP ITITI ON 

ARRAY  OF  EAST  WIST  LOCATIONS  IN  FILE  INPUT . DAT 
ARRAY  OF  NORTH  *  SOUTH  LOCATIONS'  IN  F1LE  INPUT .  DAT 


300-306 


C  3 08-320  3 


C313-3183 


C314,3133 


C  3  1  6  3 


324-340 
34  9 


WHITE  PERTINENT  BATLE  IDENTIFICATION  DATA 
INTO  FILE  OS 
FOR  BOTH  SIDES 

FOR  ALL  FRIENDLY  WEAPON  TYPES 
FOR  ALL  ENEMY  WEAPON  TYPES 

WRITE  MEAN  AMOUNT  ATTRITED  INTO  FILE  85 
FOR  ENEMY'  WEAPON  TYPES 

4 

WRITE  STANDARD  DEVIATION  AND  MAX  OF 
AMOUNT  ATTRITED  INTO  FILE  83 


FORMAT  STATEMENTS 
END  OF  PROGRAM 


C2S4-2613 


BATTLE  UPDATE  MAP 
FOR  EACH  TWO  HOUR  BLOCX 


236 

237-239 


C  2  63-2?  8  3 

264-268 

C  2  6  9-2  7  7  3 

C270-2733 

271 

273 

C279-2873 

£280-2873 

£281-2873 

282 

283 

284-283 

286 

288 

289 

£292-299  3 
C  293-299  3 
£294-2993 
294-298 


CALL  THE  MTM+  COMBAT  ROUTINE 

IF  THERE  WAS  NO  COM8AT  STORE  LENGTH 
OF  TIME  BATTLE  WAS  ACTUALLY  FOUGHT 
AND  SKIP  TO  END  OF  TIME  ALLOTTED 
FOR  BATTLE 

FOR  EACH  TWO  HOUR  BLOCK  OF  COMBAT 

LOCATE  KILLER,  VICTOM  SCOREBOARD  IN 
FILE  44 

FOR  BOTH  SIDES 

FOR  ALL  FRIENDLY  WEAPON  TYPES 

READ  IN  NUMBER  OF  ENEMY  WEAPONS 
ATTRITED,  BY  TYPE 

ADD  AMOUNT  ATTRITED  TO  PREVIOUS 
AMOUNT  ATTRITED  DURING  CURRENT 
REP IT IT I ON 

FOR  BOTH  SIDES 

FOR  ALL  FREINDLY  WEAPON  TYPES 
FOR  ALL  ENEMY  WEAPON  TYPES 

ADD  AMOUNT  ATTRITED  IN  REPITITION 
TO  PREVIOUS  SUM  OF  AMOUNTS  ATTRITED 
DURING  CURRENT  BATTLE 

ADD  SQUARE  OF  AMOUNT  ATTRITED  IN  . 
REPITITION  TO  PREVIOUS  SUM  OF 
SQUARES  OF  AMOUNTS  ATTRITED  DURING 
CURRENT  BATTLE 

IF  AMOUNT  ATTRITED  DURING  CURRENT 
REPITITION  IS  GREATER  THAN  ALL 
PREVIOUS  AMOUNTS  ATTRITED  STORE 
AMOUNT  ATTRITED 

RESET  AMOUNT  ATTRITED  DURING 
REPITITION  TO  ZERO 

SET  BATTLE  CLOCK  BACK  TO  TIME  AT  START"  OF 
REPITITION 

STORE  FINAL  RANDOM  NUMBER  SEED  FOR  REPITITION 

FOR  BOTH  SIDES 

FOR  ALL  FRIENDLY -WEAPON  TYPES 
FOR  ALL  ENEMY  WEAPON  TYPES 

CALCULATE  MEAN  AND  STANDARD  DEVIATION 
OF  AMOUNT  ATTRITED  FOR  TOTAL  NUMBER 
OR-'  REPITXTIONBi 


THE  PURPOSE  OF  ARENA  IS  TO  ANALYZE  COMBAT  ATTRITION  IN  THE 
MCCLINTIC  THEATER  MODEL-PLUS  OUTSIDE  OF  THE  CAME. 


THIS 

LINE  NUMBER 
1 

183-185 

194 

C19S-321] 

198 

198-208 

207 

C208-210] 

209 

21  1 
212 

C215-23Q3 

218-218 

219-229 

C231-291] 

232 

233 

C23S-2S1 3 
238-250 

252 


GOAL  IS  ACCOMLISHED  BY 


CODE  FUNCTION 

APPEND  ARENA  TO  PROC . 

DIMENSION  ARRAYS 

READ  IN  NUMBER  OF  BATTLES  TO  BE  FOUGHT 
FOR  EACH  BATTLE 

READ  IN  UNIT  DATA  FROM  FILE  INPUT. DAT 
INITIALIZE  ARRAYS  WITH  ZERO  VALUE 
READ  IN  NUMBER  OF  UNITS  IN  THE  BATTLE , 

THE  NUMBER  OF  TIMES  THE  BATTLE  WILL  BE 
FOUGHT  AND  THE  NUMBER  OF  HOURS  THE 

BATTLE  WILL  BE  *T  OUGHT'"'  - 

FOR  EACH  UNIT  IN  THE  BATTLE 

READ  UNIT  NUMBER, THRESHOLD  AND 
LOCATION 

IF  IT  IS  THE  FIRST  BATTLE,  READ  IN  A 
RANDOM  NUMBER  SEED 

IF  IT  IS  NOT  THE  FIRST  BATTLE,  SET  THE 
RANDOM  NUMBER  SEED  EQUAL  TO  ITS  FINAL 
VALUE  FOR  THE  LAST  BATTLE 

FOR  EACH  UNIT  IN  THE  BATTLE 

LOCATE  UNIT  IN  INPUT . DAT 
STORE  UNIT  DATA 

FOR  EACH  REPITITION 

PRINT  OUT  STATUS  REPORT  TO  TERMINAL 
IF  IT  IS  NOT  THE  FIRST  REPITITION  SET 
THE  RANDOM  NUMBER  SEED  EQUAL  TO  ITS 
VALUE  AT  THE  END  OF  THE  LAST  REPITITION 
FOR  EACH  UNIT 

SET  UNIT  DAT  BACK  TO  VALUES  PRIOR  TO 
LAST  REPITITION 

IF  ON  FIRST  REPITITION  OF  FIRST  BATTLE 
SET  UP  MAP 

IF  ON  FI RST  REPITITIOM  OT  ALL  BUT*  FIRST 
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TEST  OF  MODEL  INTERFACE  PROGRAM  IN  THE  JOINT  THEATER  LEVEL  SIMULATION 


Kevin  R  Casey 
Cadet  USMA  1989 

(In  cooperation  with  Mr.  Dave  Brownell  ITD) 


Page  V. 


The  purpose  of  this  test  is  to  test  the  directives  in  the  Model  Interface 
3~-.gram  <MIP)  of  the  Joint  Theater  Level  Simulation  (JTLS).  The  format  for  MIP 

r  t  Plan  was  set  up  to  test  valid*  invalid  and  null  inputs.  For  each  of  the 

inputs  there  is  an  expected  output.  For  example*  the  MIP  should  accept  a  valid 
input  and  reject  an  invalid  input.  The  test  entries  which  were  used  included 
/alid*  invalid  and  null  input.  As  for  output*  there  were  two  types  of  expected 


'esults  which  are  acceptance  of  the  input  and  rejection  of  the  input. 


Each  directive  in  the  MIP  is  made  up  of  several  different  fields.  A  fiel 
i  s  considered  an  entry  that  is  needed  for  a  directive  to  be  prqcqssed.  Th 
Jield  can  be  a  mandatory*  optional*  regulating*  or  conditional  field.  Fo 
•xarnple  if  it  is  a  mandatory^  field  an  entry  must  be  made. 

The  format  of  the  test  was  derived  and  every  directive  was  put  in  that 
ormat.  The  actual  testing  consists  of  entering  all  the  .different  types  of 
alid* invalid  and  null- inputs  in  each  field  of  all  the  forty-seven  directives, 
he  testing  was  not  completed*  but  the  format  along  with  the  valid  and  invalid 
>ntry  list  was  finished. 


Definitions  used  in  the  M1P  test: 

V  Entry  -  A  valid  entry.  For  integer  and  real  data  types*  the  entry 
lies  within  the  range  of  acceptable  values  and  for  the  text  data  type* 
the  entry  is  an  appropriate  entry.  When  applicable*  the  entry  matches  a 
correspondiny  data  base  entry. 

a.  Vmax  -  For  integer  and  real  data  types*  the  maximum  valid  entry. 

b.  Vmin  -  For  integer  and  real  data  types*  the  minimum  valid  entry. 

c.  V#  -  A  valid  entry  which  is  defined  by  a  note  at  the  bottom  of 

the  test.  '  • 

2.  X  Entry  -  An  Invalid  entry.  For  integer  and  real  data  types*  the  entry 
may  lie  outside  the  range  of  acceptable  value&^and  for  the  text  data  type* 
the  entry  may  not  be  an  appropriate  *ntry.  /'WheJ  applicable*  the  entry  may  not 
match  a  corresponding  data  base  entry. 

3.  N  Entry  -  A  null  .entry.  No  entry  is  provided. 

4.  M  field  -  A  mandatory  field.  An  entry  must  be  provided  in  mandatory  field 

for  the  directive  to  be  processed.  Mandatory  entries  may  be  defaults  provided 
by  the  simulation  system. 


5.  0  field  -  An  optional  field.  Entries  may  or  may  not  be  provided  in  an 

optional  field. 

R  field  -  A  regulating  field.  The  entry  in  a  regulating  field  determines 
whether  mandatory  or  null  entries  must  be  provided  in  the  conditional  field(s) 
it  regulates. 

7.  C  field  -  A  conditional  field.  When  specific  entries  are  provided  in  a 
regulating  field*  entries  are  mandatory  in  the  conditional  field(s)  it 
regulates.  At  other  times*  the  conditional  field(s)  must  have  null  entries. 

8.  Expected  Result  i  -  No  error  conditions. 

9.  Expected  Result  2  -  Error  condition  -  Invalid  entry.  Entry  not  accepted. 


Page 


The  test  of  the  M IF  was  conducted  as  follows:  At  first  a  format  was  develops 
w*ich  included  all  the  fields  .in  bookkeeping  manner.  Underneath  each  field  th 
.id<  invalid  and  null  variables  were  entered.  The  last  entry  after  all  the. 
Fields  were  entered  would  be  the  expected  result.  The  expected  result  was 


were  entered  would 


either  an  acceptance  or  rejection  of  the  values  entered  in  the  fields. 


Field  1 

field  2 

Expected 

Result 

V 

Vmax 

1 

V 

Vmin 

1 

1 

2 

V 

I 

2 

N 

2 

V 

N 

2 

1— M 

2-M 

I;  in  this  first  example  both  of  the  fields  were  mandatory  only  having  the 
f  responses  of  valid*  invalid  and  none.  The  second  field  has  a  maximum  and 
! minimum  value  associated  with  it  i therefore*  the  test  should  consider  both  oF 
I  these  values.  A  field  which  has  maximums  and  minimums  is  usually  a  field  which 
’has  a  number  or  time  associated  with  it.  In  the  test  the  type  of  field  was 
*  always  entered  at  the  bottom  of  the  test  form  similar  to  this  example. 


G4 


Another . example  is  when  there  is  an  optional  and  a  mandatory  field, 
f  ’Id  1  field  2  Expected 

Result 


V 

V 

1 

V 

N 

1 

I 

2 

V 

1 

2 

N 

2 

1-M 

2-0 

In  this  case  two  entries  would  be  accepted  because  of  the  optional 
should  accept  the  null  entries. 


field  whic 


Another  example  is  when  a  regulating  and  a  conditional  field  era  present. 


field  1 

field  2 

field  3 

field  4 

Expected 

Result 

V 

V#1 

V 

1 

V 

V*2 

V 

1 

I 

2 

V 

I 

2 

V 

V#1 

I 

2 

V 

V#2 

I 

2 

N 

2 

V 

N 

2 

V 

V#1 

N 

2 

V 

V#  2 

N 

2 

1  -M 

2-R 

3— C 

4— C 

(3-4) 

(2) 

(2) 

•  #1  onlg  field  3  entrg  is  needed 
!  #2  onlg  field  4  entrg  is  needed 


In  this  case  the  2d  field 
field  are  dependent  on  what 
the  regulating  field  then  onlg 
conditional  field. 


regulates  the  3d  and  4th  field, 
is  entered  in  the  2d  field.  If 
one  other  entrg  needs  to  be 


The 
V  1 

made 


I 


3d  and  4thi 
is  entered  in 
in  the  3d 


Page 


Page 


Each 

first 


directive  was 
directive  in 


formatted  in  this 
the  MIP  Tactical  T 


mb ining 
would  1 


this  format  a  test  t'ui 
ook  like  the  following 


JTLS  TEST  PLAN:  MIP  Input/Output  Test  Procedure 
TACTICAL  THRESHOLD  Command 


Date  Prepared :  Prepared  by: 

Date  Tested:  ____ _______________________  Tested  by: 


:ef  erence 

Group 

Unit 

Purpose 

Threshold 

to 

Change 

Threshold 

Expected 

Result 

V 

V 

V 

V#1 

V#3 

Umax 

l 

V 

V 

V 

V#1 

V#3 

Vmin 

1 

V 

V 

V 

V#1 

V#4 

Vmax 

1 

V 

V 

V 

V#1 

V#4 

Vmin 

1 

V 

V 

V 

V#1 

V#5 

Vmax 

1 

V 

V 

V 

V#1 

V#5 

Vmin 

1 

V 

V 

V 

V#1 

V#6 

Vmax 

1 

V 

V 

V 

V#1 

V#6 

Vmin 

1 

V 

V 

V 

Vttl 

V#7 

Vmax 

1 

V 

V 

V 

V#1 

V#7 

Vmin 

1 

V 

V 

V 

V#1 

V#8 

Vmax 

1 

V 

V 

V 

V#i 

V#8 

Vmin 

1 

V 

V 

V 

V#2 

1 

V 

N 

1 

1 

2 

V 

I 

2 

V 

V 

1 

2 

V 

V 

V 

1 

2 

V 

V 

V 

V 

1 

2 

V 

V 

V 

V 

V 

I 

2 

1— M 

2-0 

3-M 

4-R 

5-C 

6-C 

(S-6) 

(4) 

(4) 

(CONTINUED) 
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ference  Group  Unit  Purpose  Threshold  Threshold  Expected 

to  Result 

Change 


(5-6)  (4)  <4) 


CHANGE  Threshold 
REPORT  Threshold 
IRESHOLDS  THAT  CAN  BE  CHANGED 
I  Attack: Defend 
Defend : Delag 
Delag: Wi thdraw 
Withdraw: Ineffective 
Ineffective: Wiped  Out 
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TACTICAL  THRESHOLD  Command 
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After  the  format  was  developed*  the  valid  and  invalid  entries  were  found  bi 
ig  through  each  field  in  every  directive.  This  was  the  end  point  of  oui 
lect.  Our  next  step  would  have  been  actually  conducting  the  test.  The 
;ing  includes  putting  the  valid  and  invalid  entries  in  every  case  that  was 
doped  in  the  format  portion  of  this  test. 

In  conclusion  this  test  was  developed  to  test  the  MIP  and  its  ability  tc 
>pt  and  reject  valid*  invalid  and  null  entries.  This  test  provides  an 
mized  format  to  help  in  the  testing  of  the  MIP. 


Gil 
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TACTICAL  THRESHOLD 


Purpose* 


either  changes  one  of  the  tactical  thresholds  at  which  a  unit 
will  change  posture  or  reports  to  you  concerning  all 
thresholds. 


input  Formal  TACTICAL  THRESHOLD  or  TT 

Attributes ;  l,  REFERENCE!:  Player-selected  identifier 

2.  GROUP:  Optional.  Player-selected  identifier  for  a  group 
of  directives  to  be  sent  to  the  CEP  at  one  tine* 

3.  UNIT:  The  name  of  any  unit  on  your  side. 

4.  PURPOSE:  Biter  either  "REPORT  or  "CBAN3E."  If  REPORT  is 

entered,  directive  is  complete.  • 

5.  THRESHOLD  TO  CHANGE:  Enter  the  number  of  the  desired 
choice*  Tbs  appropriate  threshold  item  (or  all  of  them) 
will  be  used  as  a  prompt  for  the  new  valuer 
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Appendix  2.  [ATTRITION. CALCULATION] 
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»e  poutiiii1  then  totals  up  the  number  of  cas^ujjlaties 

ir'liv.  ted  on  each  system.  The  ATTR  IT  ION.  CALCULATION  routine 

lii  divide  fcliese  casualties  evenly  among  all  units  in  that 

} x  These  will  he  subtracted  from  the  unit  strength  after 

w.+Wi**  -4m  «  i{*p 

LI  units  have  undergone  ground  attrition^  by  the 
l OUNLV  DECREMENT.  FORCES  routine  called  by  the  ASSESS.  trN»3AT 
Mint  The  supplies  used  will  be  estimated  by  thp 


IQUNL.  ATTR IT.  SUPPLIES  routine, 


ilso  called  by  the 


3iS£SS  COMBAT  event,  using  the  number  of  casualties  vec^ijeved 
»  the  unit  and  the  units  posture  during  attrition.  The 

*  I 

lufcinw  will  '  then  subtract  this  estimate  from  the  units 
jpplxos.  The  ATTRITION.  CALCULATION  routine  will  then 
Jpnat  the  process  for  the  next  hex.  When  the  attrition 


iu-’trd  by  all  the  surrounding  hexes  has  been  computed,  the 
Mjtine  will  return  to  the  ASSESS.  COMBAT  event.  This  event 


ill  chon  repeat  the  process  for  the  next  unit  in  combat. 
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i 6 1 u  *  attrition  will  not  occur.  Then  the 

A fVK ITION.  CALCULATION  routine  will  t ifyfo  check  the  next  unit 
in  the  hex  Otherwise  the  routine  will  finish  the 

•assignment  of  the  number  of  combat  systems  facing  in  the 
direction  of  the  enemy,  unit  that  is  currently  causing 
attrition.  The  routine  then  computes  the  combat  power  of 
the  enemy  (ciUritori  unit  that  is  facing  the  friendly 
(attritee)  unit.  It  also  checks  to  make  sure  that  the  unit 
is  within  a  weapons  system's  range  before  allowing  it  to 
cause  casualties  to  an  enemy  unit. 

The  system  then  checks  the  ammunition  and  supply  status 
of  the  unit  causing  attrition.  Units  that  are  out  of 
ammunition  cannot  inflict  casual  ties  \gn  another  unit].  It 
alaU  checks  any  reinforcing  units  <DS*  GSR  and  GS  Artillery) 
to  see  that  they  are  not  in  combat  ^ith  another  unit ]  are  in 
I'aoiji.  mil  have  ammunition.  It  also  checks  whether  the  unit 
fuel.  The  routine  then  penalizes  each  weapons  system 
that  n  fuel  dependent  (  such  as  tanks  or  SP  howitzers)  for 
atferitor  units  and  their  reinforcing  units  that  are  out  of 
fuel.  The  routine  then  uses  the  index  number  from  the 
WHO.  DCFS.  WHAT.  TO.  WHOM  routine  to  select  the  corresponding 
table  of  Lane hes ter  attrition  coefficients  (see  Figure  2: 
FWl.  Coefficients).  Fur  each  attritur  weapons  system*  the 
A  T  fill  I  I  UN.  CALCULATION  routine*  selects  the  appropriate 

coefficient  (Figure  2)  «nd  substitutes  it  into  either  the 
1.  an. :?(.•>*  ter  Area  Fire  Equation  for  indirect  fire  systems  or 
che  Lanchester  Aimed  Five  Equation  for  direct  fire  systems. 


H15 
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Section  3.  JTLS  ATTRITION  SUBROUTINE  SUMMARY 

3  i  Jij-sJo.  Ground  Attrition  Process. 

The  ground  combat  attrition  in  the  JTLS  CEP  occurs  at  a 
set  interval  governed  by  the  ASSESS.  COMBAT  event.  The 
ASSESS  COMBAT  event  checks  each  unit  to  see  if  it  is  in 

/  l 

combat.  If  it  is  in  combat.  the  event  calls  the 
ATTRITION.  CALCULATION  routine  to  simulate  the  attrition  on 
the  unit.  The  routine  checks  the  surrounding  hexes  to  see 
if  >;he  unit  is  still  in  combat.  If  it  is  not.  the  routine 
exits  back  to  ASSESS.  COMBAT.  If  the  unit  is  still  in  combat 
(enemy  units  are  in  adjacent  hexes),  the  routine  determines 
thfl  unit's  color  and  the  enemy  unit's  color. 

The  attrition  routine's  next  major  task  is  to  allocate 
the  unit's  combat  power  among  the  six  hexsidee  according  to 
the  input  data  base.  This  is  done  for  each  of  the  unit's 
weapon  ay-stums.  Then  for  each  adjacent  hex  the  routine 
calculates  the  attrition  caused  by  the  units  in  that  hex. 
The  routine  first  checks  to  see  if  the  hex  is  occupied.  If 
it  u.  nut  occupied.  the  routine  goes  to  the  next  hex. 
Otherwise.  it  will  check  to  see  if  the  friendly  unit  is 
within  range  of  the  enemy  unit's  longest  range  weapon.  If 
the  unit  is  out  of  range,  combat  cannot  occur  In  that  case 

it  will  ’check  the  next  unit  m  the  hex.  If  the  unit  is  in 
range.  tho  routine  will  check  the  postures  (attack,  defend, 
a  a  min  -.’cc>  of  both  units  against  the  COMBAT.  INDEX  (Figure  3)  . 
using  the  WHO.  DOES.  WHAT.  TO.  WHOM  routine.  If  the  index  is 


L/J  The  reader  who  ties  ires  more  information  should  read 


LANCmES  i’ER-TVPE  MODELS  OF  MARFAN 
DEi'c-RI‘1  i  l,‘A  riON  OF  S  LMCL.I-. -MEAPON-SVS* 


and  A  TUTORIAL  Qjs|  XHE 
lllPg.  KILL  HAIM  FQE 


USk  IN  LANCHESTER-TYPI-.  COMBAT  MODELS  by  Professor  James  G. 
ray  l  or  of  the  Naval  Hos»  fcy  raduote  School. 

Clj  6*s**o  oo  Ahi  AwfV'-’isxs  OT  TRIC.  JTi-^  pgy^rctgi  Gi^cpg. 


YU<*.  iXcuA* COX AT  Cx>0 Ca>6*  Comt  ACiO<s.T>  Trim’s  OC^sXOk)  3. 0  . 


C  ^  'Tii-ar-ij^tUg^A  O^c.  M^ba*,;  muv*.  Axa wvJbot.  t)l  c U.  Cknikr  L^Us^ 

•■»  V*  few****'-  U-wt<X4o  tic-L  KUCwiaIa^  i/l~  laJ / 
a  ■  pUiz-'-'X  Uc<-  UvUir  A/tA^o/y^  b4-«-  lOltlL. 

ttiA  live.  t'VtA  <k  W  */f  CuAooJldr  *  CA.  p£A*  4o-Ca^J>va  ^LTJTO 

( *&■ <L-  1/1 Vr  i-, 

Hu^  tAttCt-vi*.'  -tfji*-  i*i L-C-  ^ 

*  '"^Y  fVV.Ul/VV^Urw  (  nu.v>A>iov  J-i  u»£  ct^K>vv->  a  (/v 

/ViA  v^jOc  M X-UAAA-fc^  ctu/tMAC^  0\"H llch'vyj^  t 

IAoCIUa.  It.  ikt.,  Vi  jk-U  ovai-V  -HA-  ^-4cJt-0>A  4r 
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The  system  used  in  the  JTLS  model  is  basically  the  same 
as  this  one  just  described.  In  addition  to  the  steps 
discussed  above,  it  checks  to  see  if  a  weapons  system  is  in 
ranye  and  lias  ammunition  before  it  can  cause  attrition.  It 
also  weakens  the  power  of  a  unit  that  is  fuel  dependent  and 
is  out  of  fuel.  The  JTLS  system  also  uses  different  sets  of 
coe  P  f  i  tint's  for  different  unit  postures.  time  of  day  and 
weather  The  attriton  process  for  the  JTLS  model  is 
described  in  detail  in  the  next  section  and  the  exact 
Lanciissber  attrition  equations  are  identifed  and  described 


in  section  4. 
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re.  /j7 

/ W  The  number  of  casualties  to  the  victimtattritee) 

i 

combat  system  type  i. 

K  -  The  number  of  k i  1 1  er  <  attr itor  )  weapon  type  j. 

J 

M  =  Total  number'  of  types  of  enemy  weapons. 

t  i 

D  -  Direct  five  switch;  Dal  if  weapon  type  j  is  direct 
J 

fire.  D~0  otherwise. 

I  *  Area  fire  switch;  1=1  if  weapon  type  j  is  indirect 
J 

fire.  I»Q  otherwise. 

G  =  Rate  at  which  weapon  type  j  kills  system  i»  using 
i  J 

aimed  fire. 

P  *•*  Rate  at  which  weapon  type  j  kills  system  i.  using 
i  J 

area  Pire. 


The  equation  works  by  calculating  the  number  of  casualties 
inflicted  on  a  given  system  by  each  of  the  enemy  systems. 
The  number  uf  Soviet  tanks  destroyed,  for  example,  would  be 
the  sum  of  the  number  of  tanks  killed  by  the  li~ls.  the 
infantrymen,  the  mortars  and  the  TOWs.  The  casualties  to 
the  BMPs  and  Soviet  infantrymen  would  be  calculated  in  the 
same  manner.  This  requires  i*j  number  of  Lanchester 
attrition  coefficients  for  each  side  where  i  and  j  denote 
the  number  of  different  combat  systems  each'  side  owns. 


Hll 
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M-l  tanks#  04  infantry  soldiers#  3  81mm  mortars  and  4  TOW 
teams  The  Soviets  have  4  T-62  tanks.  13  BMP  MlCVs  and  96 
motor t.ed  rifle  troops.  The  mortar  is  an  indirect  fire 
weapon  and  requires  the  use  of  the  area  fire  equation  to 
calculate  the  attrition  that  it  inflicts  on  the  Soviets. 
The  other  weapon  systems  are  direct  fire  and  use  the  aimed 
fire  equation  The  casualties  that  result  from  an  ■ 


engagement  between  these  two  forces  can  be  modelled  using  a 


mixed  heterogeneous  Lanchester  equation.  The  form  of  the 


equation  could  be: 

M  M 

/\V  ■  >  »K  +  >  I  *P  *K 

i  / -  j  ij  j  / -  j  ij  j  i 


ar s  m  the  impact  area  the  more  casualties  that  result. 

With  armored  vehicles  the  more  armored  vehicles  in  the 

target  area#  the  greater  the  chance  that  there  will  be  a 

direct  hit  on  one  of  them.  In  our  example  situation/  we 

could  assume  that  it  takes  30  seconds  for  the  Forward 

observer  to  relay  the  target  location/  30  seconds  for  the 

fire  direction  center  to  compute  the  data  and  relay  it  t^ 

the  guns.  IS  seconds  to  load  the  gun  and  15  seconds  for  the 

round  to  impact.  Also  assume  that  it  takes  one  hit  to  kill 

a  target  and  assume  that  because  of  the  Soviets  disposition 

CeP?  % 

and  the  terrain/  it  takes  6  rounds  to  hit  any  troops.  This 

■ — —  ^  r 

results  in  an  expected  kill  time  of\9  minute^.  This  gives  a 
value  of  b«l  kill/9  minutes®.  11  kills/minute.  In  the  first 

minute  of  combat  the  number  of  casualties  would  be  given  by 

the  equation  clx/dt«-.  11  (6)  <  150>*99.  The  second  minute's 
casualties  are  represented  by  dx/d t»-.  1 1  (6>  ( 51  )“34.  The 


t  h  a  r  (I 


minutes 


casualties  are  represented 


clx/dt*s--.  1 1  (6)  ( 17)»11.  This  process  continues  until  the 
Americans  cease  fire  or  the  Soviets  are  all  killed.  Notice 
the  casualty  rate  (casualties/troops)  decreases  as  the 

Soviet;-.;  lose  more  troops.  . 


2.  5  IlLjJIil.  tife.tjsroy^nq.uuji.  (Ittr-t.tui.PIL- 

A  uiivrd  It  e  l  c- i-mj  imiwuus  attrition  p  •  u-.  es  s  involves 
situations  where  both  direct  and  indirect  fire  are  involved 
and  -  i.  h  side  has  one  m-  more  different  typ'es  of  weapons,  as 
used  in  JTLS.  Consider  a  case  where  the  Americans  have  4 
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assumption  u  f  a  tony  tan  t  strength  ov«r  the  assessment  time 
interval  is  mads  in  order  to  keep  the  attrition  process 
simpi-4  This  allows  the  attrition  process  to  be  solved 


analytically.  The 
of  assessments. 


approximation  is  good  for  small  periods 


To  illustrate  the  area  fire  process#  let  us  assume  a 
situation  where  we  have  an  American  159mm.  howitzer  battery 
16  yuns)  against  a  Soviet  airborne  company  of  150  man#  The 
Americans  are  not  in  the  line  of  sight  of  the  Soviets  who 
can  only  fire  in  a  direct  fire  mode.  Thus#  they  are  not 
subject  to  attrition  from  the  Soviet  firepower.  The 
Americans  are  using  indirect  fire  so  the  Lanchester  area 
fire  equation  applies.  The  Lanchester  area  fire  equation  is 
based  on  the  assumption  that  the  number  of  casualties  caused 
by  indirect  fire  is  a  function  of  not  only  the  number  of 
enemy  weapons  and  their  effectiveness#  but  also  the  number 
of  targets  in  the  area.  Mathematically  this  is: 


d  x/dt^-by  x» 


where  the  coefficient  b  here  represents  the  effectiveness  of 
th-:>  tmiiuoct  fir u  umu  Ihf  vulnerability  of  lire  targets  to 
the  enemy  fire*.  This  makes  sense  because  indirect  fire 
kill*.  everything  within  its  impact  area  except  armored 
vehicles  which  require  a  direct  hit.  The  more  targets  that 
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fo  Wsis  OCuU*iv»  x  ►W'MA.  <K  tu.>Oo6tt» -M--  <4  J^~c£«4 

lejiOb,  iu  tU  an 1 1  ■"■  katrk — p-i atuon— wtH*4-ri — krv  vrtfnr&  out  itfhili  the 
iiumb^v  Si  *x  un<uhfdio 

t-a-fU. — ufn-fe— woi 1 1  rl  I n a b  P 4 ■  j-nnk^ . ^  t'JL  -Hur  j€ums£‘rj 

Using  the  above  equations  the  number  of  enemy  weapons 
killed  depends  only  on  the  expected  kill  time  and  the  number 
of  firing  units.  The  number  of  targets  did  not  affect  the 
casualties  except  the  casualties  could  not  exceed  the  total 
number  of  enemy  units*  that  is*  no  negative  unit  strengths. 
The  TOUIs  would  have  killed  a  maximum  of  24  tanks  whether  the 
enemy  had  30  tanks  out  there  or  300  tanks.  The  tankers 
could  not  kill  more  than  12  TOW  teams  because  there  were 
only  12  teams  in  the  platoon.  This  makes  sense  because  each 
weapon  is  directed  against  a  particular  target.  These 
weapons  usually  kill  only  if  a  direct  hit  is  made. 
Therefore*  more  targets  don't  make  it  easier  to  hit  a 
particular  target.  It  does  make  it  easier  to  aquire  new 
targets  but  Lane  has ter  ignores  this.  If  there  were  more 
than^^TQW  teams*  then  the  next  minute  of  combat  could  be 
simulated  by  subtracting  the  first  (tfnTutjgjT'casualties  from 


each  side  and  then  repeating  the  process  that  was  done 
during  the  first  minute.  The  attrition  can  continue  until 
the  units  disengage  or  one  side  is  completely  wiped  out. 


(he  equations  dy/dt»--bx  and  dx/dt»~ay  are  know  as 
difference  i*qu.it  i  ons  because  x(t)  and  y(t)  (the  number  of 
weapons)  were  assumed  to  be  constant  over  a  given  time 
interval.  Obviously  the  Anti-tank  platoon  did  not  have  12 
teams  for  the  entire  minute  of  combat.  The  platoon 

over  the  space  of  the  minute.  The 


gradually  lost 


b  tr  fif  'j 


Page  4 


represent  the 

fire  effectivenes  of 

the 

two 

weapons. 

The 

coefficients 

are  the-  reciprical 

of 

the 

expected 

time 

required  to  kill  the  enemy  target. 

In  our  example  lets  assume  that  the  TOM  missile  will 
kill  every  tank  it  hits  and  it  will  hit  every  time  it  is 
fired.  The  expected  time  required  to  kill  a  T-62  is  then 

t 

composed  of  three  segments:  the  time  needed  to  load  a 
missile,  the  time  required  to  acquire  a  tank  and  the  time  of 
flight  of  the  missile.  Noun  if  a  trained  crew  can  load  the 
missile  in  about  5  seconds,  acquire  a  target  in  atsout  10 
seconds  and  the  missile  flight  time  is  15  seconds,  the 
expected  kill  time  would  be  30  seconds.  This  would  give  a 
coefficient  b”l  kill/.  5min»2  kills/min.  That  is  one  TOM 
team  will  kill  2  tanks  every  minute.  Given  12  TOMs  and  33 
tanks.  24  tanks  would  be  wiped  out  in  the  first  minute. 
That  is  in  accordance  with  the  equation  dy/dt=-2x  with  x~12. 


Now  assume  also  that  a  good  communist  tank  crew  can 
kill  a  TQM  jeep  with  a  single  hit.  However,  due  to  the  long 
range.  concealment  of  the  targets.  and  poor  target 
acquisition  capabilities  in  a  buttoned  up  posture,  the  T-62 
requires  40  seconds  to  acquire  a  target  and  load,  one  second 
for  flight  time  and  3  shots  tu  achieve  a  hit.  The  expected 


kill  time  is  2  minutes.  Mhich  gives  a  coefficient  of 
a*l  k  i  1 1 /2m  in*  5  kills/min.  LThat  is  two  tanks  will  kill  one 

"i 

TOW  team  in  one  minute  A  Ther-e-f-o^e.  In  the  first  minute  the 

-1  Q 

tanks  will  kill  16  TQM  teams.  ^  This  is  represented  as 

u 

dx/dt«~y/2  with  y«*33.  Athis  is  more  than  the  number  of  TOM 
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Equations 

Heterogeneous  1  Homogeneous 


Area/ Indirect  !  155SP  HOW.  i  Corps  Artillery  Group 


Aimed/Direct  !  M60A3  Tank  I  Armored  Division 


Figure  1.  Heterogeneous/Homogeneous  Equations. 


2.  3  A. i mad/ Direct,  Eire^.  Heterogeneous. 


The  Lanchester  equations  involve  the  use  of 
differential  equations  to  model  the  change  in  the  number  of 
enemy  weapons  of  each  type  caused  by  enemy  action.  To  see 
how  this  works  let  us  consider  an  engagement  between  a  jeep 
mounted  TOW  anti-tank  unit  and  a  battalion  of  T-62*.  Let 
the  number  of  jeep  mounted  TOW  units  at  time  t.  Let 
y(t>®  the  number  of  tanks  at  time  t.  Both  of  these  weapons 
fire  in  the  aimed  fire  mode.  The  Lanchester  aimed  fire 
equation  is  based  on  the  assumption  that  the  number  of 
casualties  incurred  on  a  weapons  system  is  directly 
proportional  to  the  number  of  enemy  systems  that  are  doing 
the  firing.  Mathematically  this  is  represented  as. 


d  x/d  l~-ay  and  dy/dt"-ux« 


whom  the  p  r  up  o  r  t  i  ona  1 l  t  tj  constants  a  and  b  are  known  as  the 
Lanchester  attrition  coef ficients.  These  coefficients 


H5 


L*. 


Section  2.  THE  PRINCIPLES  OF  LANC HESTER -TYPE  COMBAT  MODELS 

2.  i  Imjlbjl  at  : 


The  JTLS  CEP  models  ground  combat  attrition  using 
fairly  uncomplicated  heterogeneous  Lanchester  equations 
which  model  the  effect  of  each  of  a  unit's  combat  systems 

against  each  of  the  enemy  unit's  combat  sy stems. ^fh i s  allows 

* 

the  model  user  to  measure  the  attrition  rates  of  each  of  his 
major  combat  systems  separately.  By  contrast  homogeneous 
equations*  used  in  the  Mcclintic  Theater  Model  (MTM). 
measure  the  aggregate  effects  of  an  entire  unit's  weapons 
against  the  aggregate  strength  of  all  of  the  enemy  unit's 
weapons.  The  heterogeneous  equations  are  slightly  more 
complicated  than  the  homogeneous  equations  because  each 
combat  system  must  be  attrited  by  each  enemy  combat  system 
separately  which  necessitates  doing  more  calculations. 


2  2  LULfij.  of.  gjtfflfejLt 


Two  types  of  combat  can  be  allowed  in  Lanchester 
attrition;  area/indirect  fire  (mortars  or  artillery)  or 
aimed/ direct  fire  (tank  guns,  rifle  fire  or  guided  missiles) 
as  -shown  in  Figure  1.  When  only  one  type  of  fire  is 
alluwed.  it  is  a  simple  heterogeneous  Lanchester 
formulation.  When  hath  types  of  fire  are  allowed,  it  is  a 
mixed  he te rug emiutB  Lanchester  formulation  and  ie  used  in 
the  «- cIF 


GROUND  COMBAT  ATTRITION  PROCESS 


JOINT  THEATER-  LEVEL  SIMULATION  MODEL 


SECTION  1  GENERAL 

This  report  is  intended  to  provide  the  average  user  of 

t 

the  Joint  Theater-Level  Simulation  model  (JTLS)  with  an 
explanation  of  the  ground  combat  attrition  process  of  the 
Combat  Events  Program  (CEP).  This  report  consists  of  a 
brief  explanation  of  the  principles  behind  Lanchest*er-ty pe 
combat  models-  a  narrative  description  of  the  ground  combat 


attrition  p 

recess#  th 

e  rules  followed 

by  the 

CEP 

in 

the 

attrition 

process# 

and  a  detailed 

explanation 

of 

the 

Lanch ester 

equations 

and  attrition »coeffic ients 

used 

in 

the 

CEP  This  report  is  aimed  at  a  user  who  is  not  familiar 
with  Lanchoster-typo  combat  models  and  wishes  to  learn  how 
the  attrition  process  is  carried  out  in  JTLS. 

The  report  also  is  intended  to  aid  persons  familiar 
witli  combat  modeling  in  general  and  JTLS  in  particular  to 


imp  rove 

the  ground 

combat 

attrition  process. 

To 

this  end# 

comments 

on  pass 

ib  le 

we 

akpoints  in 

the 

mode 

1  have  been 

i nc iudod 

t  h  r  o  u  g  h  o 

ut 

the 

explanations 

of 

the 

attrition 

process  and  in  the  recommendation  section. 
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DATA  BASE  FOR  •  ACCEPT 


P59 


FWL  COEFFICIENTS  FOR  COMBAT  INDEX  #40 


SYSTEM 

»  1 

■p 

3 

4 

COMBAT  SYSTEM 

5  6  7 

8 

9 

10 

11 

l 

.  0002 

.  0008 

0. 

.  03 

0. 

.  00004 

.  00032 

.  0034 

.  002 

.  0200 

0. 

"o,:i 

1 

.  0001 

.  0003 

.  0001 

.  00 2 

.  0001 

0. 

.  00023 

.  0023 

.  004 

.  0030 

0. 

.  0.3 

3 

.  0003 

.  001 

.  0040 

.  500 

.  003 

0. 

0. 

.  004 

.  020 

.  0005 

0. 

.  0-1 

4 

0. 

0 

0007 

.  03 

.  001 

0. 

.  006 

0. 

0. 

0. 

0. 

.  Vi, 

5 

0. 

0. 

.  006 

.  03 

.  001 

0. 

0. 

.  003 

.  001 

0. 

0. 

.  001 

6 

0. 

0. 

.  004 

.  0001 

.  0001 

.  0002 

0. 

.  0002 

.  002 

.  0001 

.  006 

.  OOi 

7 

.  0004 

.  001 

.  0009 

.0012 

0. 

.  0001 

0. 

.  0003 

0. 

0. 

0. 

0. 

8 

.  0001 

.  005 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

9 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

10 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

U 

.  0007 

.  0010 

.  0013 

.  oooa 

.  0007 

0. 

0. 

0. 

0. 

0. 

.  0001 

0. 

12 

0. 

.  0001 

.  0003 

.  0002 

.  0002 

.  0001 

.  0001 

o. 

.  0001 

0. 

0 

0. 

COMBAT  SYSTEM  NAMES 


NUMBER 


BLUE  NAME 


RED  NAME 


1 

2 

3 

4 

5 

6 

7 

8 
9 

JO 

11 

12 


M60A3 

M113A. 

GRUNT  (INF) 

MORTAR 

VULCAN 

155SP 

TOW 

CLERKS*  JERKS 
GAR  II  ACE 
RADIOS 
CAS 

COBRAS 


T64/T72 
BMP  1 

HUMAN  WAVE  (MR) 

MORTAR 

ZSU23-4 

152  TOWED 

SPANDREL 

WIMPS 

FILTH 

SEMOPHORE  FLAGS 
C  AS- 

FLYING  TANKS 


n-ii«-***NOTE:  THESE  ARE  ONLY  SAMPLES  FOR  ILLUSTRATION  PURPOSES  ONLY**#** 

FIGURE  2 


RED 

COMBAT  INDEX 


DAY-NIGHT  WEATHER 
2  1 


POSTURE 

ATTACK 

DEFEND 

DELAY 

MOVING 

WDRAW 

AVAIL 

HASTY 

DEF 

INCAP 

WIPED 

OUT  WAITING 

attack 

HI 

24 

23 

22 

22 

21 

25 

31 

32 

0 

DEFEND 

HH 

25 

24 

21 

20 

23 

0 

29 

28 

0 

DELAY 

26 

22 

0 

0 

0 

0 

20 

0 

0 

0 

WITHDRAW 

21 

22 

0 

0 

0 

0 

0 

23 

23 

0 

HO V I NG 

22 

25 

0 

0 

0 

0 

0 

0 

0 

0 

ADHIN 

27 

26 

0 

0 

0 

21 

0 

0 

22 

0 

HASTY.  DEFENSE 

33 

0 

0 

0 

0 

0 

0 

35 

37 

.  0 

INCAPABLE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

WIPED.  OUT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

WAITING 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

■i  lyr 
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■3-  *  6lLtf.iAiaa  Bylaa.  ^tMiarjL... 

1.  A  combat  system  may  b.e  either  an  indirect  fire  system  or 
r<  direct  fire  system/  but  not  both. 

2.  Direct  fire  systems  use  the  Aimed-Fire  Algorithm. 

Indirect  fire  systems  use  the  Area-Fire  Algorithm. 

3.  A  combat  system  may  cause  attrition  to  an  enemy  system  , 
only  if  it  is  in  range.  Range  is  based  on  the  distance 
between  units  (not  between  combat  systems).  Each  weapon 
system  has  its  own  maximum  range. 

4.  Units  that  do  not  have  sufficient  ammunition  may  have 
some  combat  systems  reduced  to  ineffectiveness.  This 
factor  is  dependent  on  input  data. 

2.  Units  that  are  out  of  fuel  may  have  some  combat  systems 
penalized  in  effectiveness.  This  depends  on  the  input 

data  % 

a.  A  unit  m  combat  u/ith  another  unit  may  only  use  the 

Fraction  of  its  combat  power  oriented  toward  the  hex  side 
between  them  to  cause  attrition  to  the  other  unit. 

7.  No  unit  can  lose  more  combat  systems  than  it  has 
oporational. 

Up  T* 

8.  •  Direct  Fire  systems  may  kill  (as  many  assail  the  enemy 

combat  systems.  Indirect  fire  systems  may  also  kill  as 
many  as  all  enemy  combat  systems#  but  the  Area-Five 
A  Igor  i  L'iim  is  designed  to  kill  only  the  enemy  systems 
oriented  toward  the  hex  edge  to  which  they  themselves  are 
oriented.  Note:  this  discrepancy  within  the  CEP  Area-Fire 
Algorithm  is  caused  by  the  fact  that  the  maximum  number 
of  casualties  allowed  is  all  of  the  enemy  systems  (just 
Like  for  aimed  fire).  Thus/  when  the  Area-Fire  Equation 
calculates  more  casualties  than  there  are  enemy  units/ 
the?  unit  loses  all  of  its  systems  instead  of  only  that 
portion  facing  the  enemy  as  intended  by  the  designers. 

9.  Units  that  are  in  a  reinforcing  role  are  not  attrited  in 
combat  involving  the  reinforced  units.  Attrition  against  a 
unit  does  not  affect  any  supporting  units.  Reinforcing 
units  cannot  give  a  unit  support  if  they  are  themselves 

in  combat  (enemy  units  are  in  an  adjacent  hex). 

10  An  ,.i  1 1;  !•  i  c  o  i  unit  Paced  with  a  hex  containing  more  than 
one  enemy  unit  divides  whatever  combat  power  it  can  bring 
to  bear  equally  among  all  attritecs. 


a 


m 
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Section  4  LANC HESTER  ATTRITION  EGUATIQNS  IN  JTLS 

The  attrition  equations  used  in  the 

ATTRITION.  CALCULATION  routine  can  be  considered  the  heart  of 
the  attrition  process.  This  section  is  intended  to  explain 
the  role  o ■?  the  equations  and  how  they  work  in  detail. 

4.  1  CEP.  Attr  i  t  i  on  Equations. 


The  attrition  equations  used  in  the  CEP  are  just  basic 
mixed  heterogeneous  .  Lanchester  difference  equations.  The 
CEP  uses  difference  rather  than  differential  equations; 
approximation  is  used  because  an  a ira lytic  solution  to  a 
differential  equation  xs  extremely  difficult  to  obtain.  The 
CEP  assumes  that  the  number  of  systems  available  to  kill  or 
to  up  killed  xs  a  constant  over  the  assessment  period.  This 
allows  the  Lanchester  equations  to  be  treated  as  difference 
equations  rather  than  differential  equations.  This 
afj^rux  iinatiou  is  acceptable  for  short  assessment  periods. 

The  Lanchester  attrition  equations  used  in  the  CEP  are: 


Lanchester  Aimed-Fire  Equation: 

4  m 

ji  ^ 

13  ~iiunumum(H  >  P  *  >  G  «T<  -it-FR  *AR  ) 

i  i  SR  / -  i  j  j  j  j 

J-l 


jam's. 


Lanchester  Area-Fire  Equation: 

m 


D  -*iiu  n  imuiiiCH  i  P  iHJ  •*  I  -  Q  ( R  «FR  tfAR  +  S  i^FS  *AS  )  J 

&U  i  SR/ -  ij  j  j  j  j  j  j 


i 
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Wh  are 

AH  -  Ammunition  available  switch  l=on»  0=off. 

J 

6  "  Number  of  blue  systems  of  type  i. 
i 

FR  *  Fuel  effectiveness  penalty  l=no  penalty.  <lapenalty. 
j 

•  i 

i  =  Type  of  blue  weapon  system. 

j  ~  Type  of  red  weapon  system. 

m  »  Total  number  of  red  weapon  systems. 

P  ~  Fraction  of  red  unit  sharing  a  hex  edge  with* blue  unit. 
SR 

P  =  Fraction  of  blue  unit  sharing  a  hex  edge  with  red  unit. 
SB 

G  «  FWL  coefficient  j  type  system  against  i  type  system, 
i  J 

R  *»  Number  qf  red  systems  of  type  j. 

J 

S  Number  of  red  systems  of  type  j  from  supporting  units. 

J 


4  ?  A  l'  Critic  n  Go  efficients. 


The  equations  require  attrition  c oef F i c ien ts ( Q ) >  the 
quantity  of  each  of  the  attviting  unit's  combat  systeins<R). 
the  quantity  u  f  each  of  the  attviteo  unit's  combat 
sy  terns  (B ) .  the  distribution  of  each  units  systems  to  their 
common  hex  aide(P)»  and  any  penalties  for  fuel  or  ammunition 
dep LetioniPR#  AR ) .  The  coefficients  and  the  fuel  and 
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ainmum  fc  ion  depletion  penalties  are  specified  in  the  input 
dec.t  base.  The  distribution  of  the  units  combat  power 
wish  in  its  hex  may  bn  sot  by  the  player  or  by  a  default 
distribution  set  by  the  input  data  base.  The  quantities  of 
type  of  combat  system  for  both  the  attritor  and  the 
attritee  are  initially  set  in  the  input  data  base  and  are 
updated  labor  to  reflect  combat  losses.  Ammunition  and  fuel 
status  is  stored  by  the  CEP  and  updated  after  each  use  of 
these  supplies. 


The  attrition  coefficients  are  stored  in  «v  three 
dimensional  array  that  consists  of  40  12x12  matrices  that 
consist  of  one  kill  rate  for  each  attriting  weapon  system 
(rows)  against  each  attritee  weapons  system  (columns).  The 
routine  WHO.  DOES.  WHAT.  TO.  WHOM  uses  the  time  of  day*  weather 
and  the  postures  of  both  units  to  reference  the  COMBAT. INDEX 
array  (Figure  3)  to  obtain  a  number  that  will  determine 
which  particular  12x12  matrix  (Figure  2)  is  to  be  used  to 
obtain  the  attrition  coefficient  for  each  set  of  attritor 
combat  system  and  attritee  combat  system.  A  COMBAT. INDEX 
value  of  zero  indicates  that  the  attritor  unit  will  not  kill 
any  of  the  attritee  units.  As  an  example,  if  both  the  units 
are  m  a  withdrawal  posture,  the  index  would  yield  a  value 
of  0  This  would  mean  that  attrition  will  not  occur.  Of 
course,  the  po-.  Lures  of  the  units  could  lead  to  a  situation 
whore  one  side  can  attrite  the  other,  but  the  other  unit 
cannot  attrite  the  first  unit  A  non-zero’  index  value  is 
eh»*  number  of  the  particular  12x12  coefficient  rootVix  in  the 
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3D  array,  FWL.  COEFFICIENT  (Figure  2).  Since  the 
COMBAT.  INDEX  is  organized  by  day/night  and  weather 
c omi i t  ions,  these  factors  are  not  included  in  the 
coefficient  array  (Figure  3). 

3  Fue  1  and  Ammunition  Penalties. 

/ 

The  ATTRITION.  CALCULATION  Routine  accounts  For  the 

effect*  of  ammunition  or  fuel  depletion  when  it  is 

calculating  th.e  number  of  combat  systems  that  will  ‘attrit 

the  enemy  unit.  A  unit  that  is  out  of  ammunition  for  a 

weapon  system  will  have  the  effective  number  of  that  weapon 

system  set  to  zero.  This  will  prevent  the  system  from 

inflicting  casualties.  A  unit  that  i.s  out  of  fuel  may  have 

the  effective  number  of  that  system  reduced  a  certain 

percentage  if  the  system  is  fuel  dependent.  This  is 

specified  in  the  input  data  bate.  The  effective  number 

represents  the  equivalent  number  of  weapons  that  the  fuel 

penalty  has  reduced  the  particular  combat  system.  A  fuel 

penalty  may  be  207.,  for  example#  reducing  the  strength  of  a 

100  weapon  combat  system  to  the  same  strength  as  an  80 

weapon  combat  system.  A  unit  may  cause  attrition  only  with 

those  systems  that  face  the  enemy  unit.  The  number  of 

jij  i  li'iiii  thni  vii  u'  l  acmy  the  enemy  hex  are  calculated  for 

both  sides.  In  addition  the  effective  number  of  each  combat 

# 

system  for  reinforcing  units  are  added  to  the  corresponding 
effective  number  of  the  supported  units  combat  systems.  The 


H23 


Page  22 


only  value*  used  .in  the  actual  attrition  equations  are  the 
attrition  coef fie ient<  the  numbers  of  the  attritor  systems 
and  the  numbers  of  the  attritee  systems. 

4.  4  Observations. 

The  number  of  casualties  that  is  assessed  cannot  exceed 
th«ii  total  number  of  that  type  system  that  the  attritee  unit 
has.  The  Analust  Guide  states  that  the  maximum  number  of 
casualties  caused  by  area  fire  cannot  exceed  the  number  of 
the  particular  type  of  system  that  is  oriented  toward  the 
common  hex  side.  .The  actual  coding  uses  the  same  maximum 
number  of  casualties  for  both  the  area  and  aimed  fire 
algorithms.  This  maximum  is  the  total  number  of  systems. 
The  actual  maximum  of  ail  weapons  in  the  entire  hex  is  more 
realistic  than  the  intended  maximum  of  only  the  units  facing 
tho  enemy.  There  does  not  seem  to  be  any  reason  that  the 
effects  of  indirect  fire  would  be  limited  to  the  systems 
oriented  toward  the  enemy  hex.  Unspotted  fire  can  bo  used 
as  a  harrassmant  technique  and  a  very  heavy  bombardment 
could  possibly  wipe  out  an  entire  enemy  unit  or  at  least 
some  of  the  systems  that  are  not  oriented  toward  the  common 
hex  side.  The  ATTR IT I QN.  CALCULATION  routine  matches  each  of 
the  attritors  weapons  against  the  attritee 's  combat  systems. 

It  is  tinpui  tani.  co  note  that  the  equations  do  not 
account  for  any  increased  vulnerab i 1 ity  to  an  attritee 
sy  •:  Ivm  caused  by  jf u<?i  depletion.  For  example*  a  self 
propelled  howitzer  unit  would  be  more  vulnerable  to 
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iiafcli'-iy  fire  if  it  mas  out  of  fuel  and  could  not  displace  to 
a  new  location.  The  same  problem  exists  for  ammunition.  It 
ii  much  easier  to  kill  tanks  with  TQW  missiles  when  the 
tank  3  cannot  shoot  back  to  suppress  the  TOW  gunner.  Neither 
uhi-  coefficients  nor  the  equations  take  into  account  the 
effects  on  the  attrition  of  the  particular  type  of  terrain 
where  the  combat  occurs.  The  attrition  process  also  does 
not  reduce  the  effectiveness  of  units  that  have  been  in 
combat  for  a  long  time.  The  designers  may  Feel  that  any 
decrease  in  combat  effectiveness  caused  by  Factors  such  as 
wear  and  tear  on  the  weapons  or  battle  fatigue  are  balanced 
by  the  increase  in  combat  power  caused  by  the  battle 
experience  gained  by  the  units. 


'  <*  jt ^.v  >.ymy  •_/  «A-iU ' W  .tu~  .Tfc '  "V-  .*fc.Vu  ' :«-TO *  • -i  *V '  -  V*t*  .V  3» 
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Section  5.  RECOMMENDATIONS  FOR  IMPROVEMENT 


The  improvemen  ts  suggested  in  this  section  are 


res  It i c ted  to  the  ground  attrition  routines  in  the  CEP.  As 


the  CEP  simulates  ground  attrition  in  accordance  with  the 


generally  accepted  principles  of  Lanchester  attrition#  it 


can  Lf‘  adopted  "as  is"  unless  extreme  realism  is  required  by  , 


the  user.  The  ideal  method  for  improving  the  model  would  be 


to  t  t*  a  hi  a  combat  arms  officer  with  a  programmer  to  review 


the  model's  ground  attrition  routines  and  insure  that  the 


assumptions  and  procedures  made  by  the  designers  are 


reasonable  from  a  military  viewpoint.  Some  concepts  that 


are  common  knowledge  to  a  combat  officer  may  not  be  evident 
bvMt6a%*<* 
to  a  Civilian. 


5-  1  Fuel  and 


E&BiiLtigJ.  ftJULftJDlM? 


Unit?-.. 


The  JTL.B  attrition  routine  does  not  penalise  the  unit 


that  is  being  attrited  if  it  is  out  of  either  fuel  or 


ammunition.  Some  combat  systems  are  more  vulnerable  to 


enemy  firepower  when  they  are  out  of  fuel  or  ammunition. 


Combat  systems  such  as  tanks  or  self  propelled  howitzers 


often  rely  on  their  mobility  for  much  of  their  protection. 


SP  howitzers  usually  displace  to  a  new  location  after  every  **•••<  ■< 


fivy  miss  tun  to  avoid  enemy  counter-battery  fire.  A  unit 


that  is  out  of  rufl  must  remain  stationary  and  becomes  an 

f  J 

easy  target  for  enemy  artillery.  A  unit  that  is  out  of 


ammunition  may  also  be  more  vulnerable  to  enemy  five.  An 
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11-2  Bradley  1FV  can  huld  off  enemy  armored  vehicles  beyond 
the  range  of  the  enemy's  weapons  by  using  its  TOW  missiles 

and  its  Bushmaster  cannon.  If  it  is  out  of  ammunition*  It 

is  . j  relatively  simple  matter  for  the  enemy  vehicles  to  move 
close  to  the  IFVs  ancj  destroy  them.  Tanks  are  much  more 
vulnerable  to  anti-tank  missiles  when  they  cannot  use  their 
cannons  to  supress  the  enemy  gunners.  >  < 

The  effects  of  ammunition  and  fuel  depletion  can  be 
simulated  mathematically  in  a  manner  similar  to  the  way  that 
fuel  depletion,  is  simulated  in  the  current  equations.  A 
fuel  depletion  and  an  ammunition  depletion  factor  could  be 
added  be  the  attrition  equations.  These  factors  would  be 

part  of  the  unit  data  base.  If  an  attritee  unit  was  out  of 

fuel*  the  equation  would  multiply  the  combat  power  of  the 
attritor  weapon  systems  by  a  factor  that  was  greater  than  or 
equal  to  1.  If  the  system  did  not  depend  on  fuel  for  its 
protection  (^infantry  for  example)*  the  factor  would  be  1  and 
it  would  nut  increase  the  enemy  combat  power.  If  the  unit 


wa  .* 

more  vulnerable 

wh 

en 

it  was 

out  of  fuel* 

the  factor 

UJU  U 

id  be  greater  than 

1. 

If 

a  tank 

was  twice  as 

vulneralbe 

to 

enemy  fire  when  it 

was 

immob i le» 

the  fuel  factor  would  be 

2. 

The  ammunition  dep 

let 

ion 

factor 

would  work  in 

the  same 

manner. 
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!•  •..•duniM,  Cumba  t  E  P £  ft c  t  i v e 1 1 e s s  Over  Time. 

•  ruts  that  are  in  conlijiiuus  combat  with  the  enemy  lose 
iOi"  -  combat  effectiveness.  This  is  because  of  the  wear  and 
i:  c*  i  of  the  weapons*  buttle  Fatigue*  and  leader  casualties. 
\  **n  i  b  that  i  i  at  60  X  strength  after  enduring  five  days  in 

:  on  tac  t  witu  tin?  enemy  would  not  be  as  effective  a?  a  fresh 

Jit  1 t  that  is  at  60'/;  of  authorized  strength.  It  a  tit  man  in  the 
fatigued  unit  would  not  be  as  capable  or  as  motivated  as  a 
Hen'  in  the  Fresh  unit  because  he  would  be  tired*  dirty*  and 
>  u  ••  •*  *  U  S  y  sick.  He  would  be  less  inclined  tc*  take  risks  or 
ag  j  r  c  :•  s  i  ve  .1  y  attack.  His  weapons  would  need  maintenance  to 
iscnver  From  tiie  effects  of  five  days  of  heavy  usage.  The 

jnit  would  need  a  break  of  a  few  days  to  regain  its  fighting 

•.bi.i  i  ty  The  attrition  subroutine  does  not  model  this 
*f f ec  b  on  .  units  that  are  in  combat.  The  CEP  only  subracts 
r  i  i  i'pu  «•!  •i/.iiiuy .Ml  weapons  From  a  units  strength. 


One  way  to  simulate  a  units  degraded  combat  ability 
wo.iiti  br  to  sub  i  act  one  percent  of  is  firepower  For  each  day 
it  i-  in  con  l-iiKijTs  contact  beyond  one  day.  A  unit  that  was 
in  contact  fur  five  continous  days  would  have  its  combat 
lower  multiplied  by  96  to  represent  four  days  of  one 
» <a  i  •  ft  n  I;  degradation.  Eventually  the  unit  will  become 
to  t -illy  i  tvf  f  e*  1,  i.  v  »•  r»:  yard  less  of  the  number  of  casualties 
i.  r«c  ;•..•>■  i  n  i  ■.•  would  encourage  commander s  to  rota  te 

i.  r.  o *  ' i i- i  i, u  ma  j  n  i: a i  n  t h eir  e f  f  o c  tive n o n  s . 


K 


n  .i  •  :  i.  r  a  • 
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i-ciiit:  !■  os  ter  i-_  aujl'ions. 


o  ■  i  inu  I  .ste  the  attrition  of  units  chat  are  out 
d  / 'iiiuiiui'  v  l  i  L:  1 1  ■  and  ti  e  t(  r  <s  U  e  a  uni  ts  combat 
duration  oi  combat  time  is  to  modify  the  basic 
Section  4 

if  i  eU  Lancnys car  attritio 

i  i in d ii  •  i*  i  pb  l_  q  u  a  t  i  o  i  i : 
m 

\  *  -  *  r- 

fl  ,  P  *  :  G  •*!<  -#<100- 

j  SR  / -  ij  J 

i«l 


n  equations  would  be: 


JL 


rl*d  >y*FR  *AR  *afl  *fB  ) 
J  J  i  i 


irea-F-'i  re  equation: 


B  , 


i 


P  *W  *aU 
SB 
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ID 
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*P  *>  G  #(H  *U00-.  l*d> 
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J-L 
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i 


i 
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F  a g  e  2u 


•'■• ; '  -  Ammun  it  ion  available  switch  l*on;  O-off. 


u  "••  Number  a  ?  blue  systems  of  type  i. 


Fr<  ~  Fuel  effectiveness  penalty  1-no  penalty/  <l=>penalty. 

t 

i 

w  -  Type  >jf  blue  weapon  system, 
j  •-»  Type  uf  red  weapon  system. 


in  -  Total  number  of  red  weapon  systems. 


P  «  Fraction  of  rou  unit  sharing  a  hex  edge  with  blue  unit. 

«N 


r  r.  Fraction  of  blue  unit  sharing  a  hex  edge  with  red  unit. 
8B 


U  -r  FUL.  coefficient  j  type  system  against  i  type  system, 
i  J 

R  ■-  Number  of  red  ;ys  terns  of  type  j. 

J 

*>;  ■  Numb  it  ai  i  i  Ml  ,y  itious  of  type  j  I' i  uni  s  up  p  o  r  It  hj  units 
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aits  uses  accieiauce  iesi  CQBHEfciia 

as  of  271400  June  1984 


GENERAL  FUNCTION  COMMENTS 


1.2.1  Player  De-Emphasis 

.  Air  play  is  extremely  player  intensive  since  it  is  modeled  at 
he  individual  aircraft  system  level.  An  Army  agency  would 
equire  Air  Force  augmentation  to  use  JTLS  or  would  not  be  able 
o  play  the  air  war  properly.  The  resolution  of  the  model  is 
nbalanced  between  air,  which  is  modeled  at  the  individual 
ircraft  weapon  system  level,  and  ground,  which  is* modeled  at  the 
nit  level  (during  the  test,  ground  units  were  normally  brigades 
r  higher).  The  higher  resolution  modeling  of  the  air  assets 
ppeared  to  contribute  to  the  extremely  slow  speed  of  the  model, 
urther  user  definition  of  model  resolution  level  is  required  for 
he  contingency  analysis,  educational,  and  training  purposes  of 
TLS. 

ENERAL  FUNCTION-GENERAL 

.  Weather  is  assumed  to  be  clear  and  calm.  If  other  weather  is 
esired,  the  Controller  must  manually  change  the  weather 
arameter.  Other  types  of  weather  are  permitted,  however,  each 
ype  requires  a  new  set  of  Lanchester  attrition  matrices  for 
round  attrition  and  modification  parameters  for  air  sensors  and 
eapon  systems.  Weather  does  not  effect  national,  strategic,  or 
UMINT  sensors  nor  does  it  effect  ground  movement  rates.  Weather 
hould  be  modeled  as  a  stochastic  variable.  This  could  be 
ccomplished  by  a  database  entry  of  the  probability  per  time 
eriod  in  the  theater  of  each  type  of  weather.  A  random  number 
ould  then  be  drawn  every  12  or  24  hours  to  determine  what  type 
•f  weather  is  current.  Without  this  modification,  weather  will 
ost  likely  remain  clear  and  calm.  Also,  the  movement  algorithm 
hould  be  modified  to  include  a  weather  decrement  factor  for 
ovement  time.  Further  consideration  should  be  given  to 
ncluding  weather  decrement  factors  for  the  intelligence  systems 
ther  than  air. 

.  JTLS  models  some  of  the  effects  of  Nuclear  and  Chemical 
eapons  but  does  not  model  release  requests  or  permission.  The 
odel  should  include  player  request  for  release  and  controller 
ermission  for  use  with  appropriate  time  delays  for  the  theater, 
o  nuclear  or  chemical  weapons  should  be  allowed  to  be  employed 
y  the  model  until  the  release  order  has  been  given. 
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Mandatory  Items  Optional  Items 


t 


ures: 

1.  Participants 

2.  Evaluation  Chock  List 

3.  Suggested  Changes 

4.  Implementation  of  User  Specifications 
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minimum  for  continueal  testing#  with  higher  speeds 
red  for  JTLS  to  be  fully  usable  by  its  sponsors. 

LfY.ll  2±  Basolution. 

here  is  a  need  for  the  users  to  define  the 
priate  level  of  modeling  resolution  for  each 
ional  area  of  JTLS  Air  assets  are  modeled  and 
ted  at  the  individual  weapon  system  leve. .  while 
d  units  are  modeled  at  the  level  of  combined  arms 
Intelligence  assets#  except  for  the  USA F.  are 
gated  to  the  functional  area  level.  The 
ligence  players  cannot#  as  a.  result#  create  and 
te  collection  plans.  They  cannot  issue  specific 
ngs  or  properly  analyze  :  the  results  of 
lilg  ence  assets  activity.  Army  helicopter 

tions  also  require  remodeling  to  properly  reflect 
unique  capabilities  and  employment.  The  ground 
movement  algorithms  and  player  commands  must  be 
ied  to  allow  for  more  positive  control  of  movement 
routes  and  unit  sequencing. 

Bfla.  Base. 

he  contractor  has  successfully  removed  all  data 
the  model  code  as  required  by  the  requirements 
icnt.  During  testing#  JTLS  has  proven  to  be 
tive  to  data  base  inputs#  particularly  the  infantry 
tion  coefficients.  The  users  must  define  more 
sely  what  each  each  item  of  data  describes#  specify 
nput  parameter  ranges#  refine  current  data  and 
er  test  the  model  sensitivity  to  data  inputs.  A 
data  element  dictionary  is  needed. 

Naval  Fynctipps 

ase  line  naval  modeling  reuirements  have  been 
d  in  a  way  that  is  very  narrow  in  scope  TRc 
ain  a  joint  modeling  perspective#  priority  should 
ven  to  adding  naval  capabilities  when  future  operat 
modeling  enhancements  are  considered.  blaboration 
existing  naval  functions  and  the  addition  of 
bious  operations  is  required#  particularly  those 
capabilities  that  impact  on  the  land  battle. 
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TOTAL  XXX 


CRITICAL  AREAS 


The  following  paragraphs  discuss  those  areas  where 
5/  in  the  opinion  of  the  evaluation  team*  requires 
ediate  improvement.  These  areas  are  noted  in  light 
the  general  criteria  noted  in  Paragraph  6  and  are  not 
essarily  tied  to  the  detail  of  the  functional 
irirements  document. 

a  Scenario  Preparation  Program. 

The  Scenario  Preparation  Program  was  not  used  to 
ate  a  data  base  for  this  test.  The  program  failed 
mg  the  preceeding  SPP  test  when  an  attempt  was  made 
load  the  full  classified  data  base  and  when  wrongly 
netted  items  of  data  were  entered.  At  present*  only 
■Jet  Propulsion  Laboratory  has  the  knowledge  and 
•pment  to  prepare  a  data  base  for  JTLS.  While 
tuare  is  to  be  provided  to  enable  a  user  to  enter  a 
a  base  manually  or  from  computerized  data*  manual 
a  will  be  slow.  To  manually  prepare  the  data  base 
the  scenario  used  in  this  test  would  take  an 
imated  on#  man  year.  This  feature  makes  the  Scenario 
saration  Program  unsuitable  for  quick  response 
lysis  of  unexpected  contingencies  at  this  time. 


b.  QfljUl  Speed. 


The  ratio  of  time  simulated  in  JTLS  to  actual  clock 
t  was  far  less  than  four  to  one  In  order  to  be  most 
active*  the  game  must  operate  at  various  speeds  that 
controlled  by  the  user.  The  current  design  allows 
allows  for  game  operations  at  various  speeds*  as 
ted  in  the  requirements  document.  There  is  no 
jrance*  however*  that  the  game  and  players  will 
•ally  be  able  to  achieve  these  maximums.  The  design 
L  of  four  game  hours  to  each  real  hour*  as  defined  by 
users*  has  not  been  met  during  testing.  Many 

tors  contribute  to  actual  game  speed  ratios  which  are 

jely  dependent  on  the  given  scenario  While  hardware 
software  options  exist  to  speed  up  the  game*  we 
tot  be  sure  what  their  effect  will  be.  Doth  Con 
Is  Analysis  Agency  and  the  War  College  have  expressed 
i«ed  for  achieving  a  speed  ratio  of  at  least  24  1. 
users  must  decide  on  what  changes  to  JTLS  are 

leptable  to  increase  overall  game  executioon  time* 
still  maintaining  an  acdeptable  level  of  model 

ilution  It  is  apparent  that  the  design  goal  of  41 
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Th «  following  observations  relate  to  the  general 
teria  described  above. 


a.  Quality. 

Mean  Time  Between  Failures 
Mean  Time  to  Repair 
Total  Run  Time 


3  hrs. 
2  hrs. 
49  hrs, 


5  min 
18  min 
13  min 


b  Plauabil  itu. 

Game  Time:Clock  Time  Ratio  2.53:1 


c.  Real  ism. 

Casualty  Rate 
Rate  of  Advance 
Aircraft  Exchange  Rate 


?/1000/day 
+/-10  km/dag 
X:  1 


SPECIFIC  FINDINGS 

The  following  statements  summarize  the  observations 
the  players  and  the  evaluation  team  about  whether  the 
itures  asked  for  in  the  user  specification  document 
■9  present  or  not. 

a.  Of  the  manditory  items  that  could  be  observed  by 
>  players  or  team,  91%  were  implemented  as  described 

the  document. 

b.  Of  the  desirable  items  that  could  be  observed, 

were  imple  mented  as  described. 

c  Of  the  total  requirements  as  described  in  the 
:ument»  13%  could  not  be  evaluated  by  the  players  or 
im  as  either  implemented  or  not. 


RECOMMENDED  CHANGES  IN  THE  SIMULATION 


Players  submitted  sheets  describing 

deficiencies 

in 

ilism  in  JTLS  that 

should  be  changed.  The  number 

of 

:h  changes  by  component  of  the 

simulation 

are 

nmarized  below,  and 

they  are  listed  in  detail 

in 

:iosure  3. 

Data  Base 

XX 

Scenario  Preparation 

XX 

Combat  Events: 

Ground 

37 

Combat  Events: 

Air 

27 

Combat  Events: 

Logistics 

XX 

Combat  Events: 

Intelligence 

XX 

Controller 

XX 

'  «  O  !  »*  t 


noividual  JTLS  programs  and  subroutines  has  been 
onducted  already  uiith  sponsor  participation  in  the 
irst  three  functional  validation  tests. 

b.  Scenario.  The  test  involves  a  theater  level 
ampaign  with  114  units  on  one  side  and  89  on  the  other 
ith  combat  starting  at  D+50.  The  campaign  involves  23 
ivtsions  on  one  side  and  two  and  one  third  divisions  on 
he  other. 

c.  Phases.  Phase  1  was  run  primarily  to  permit 
layer  familiari  zatrion  by  JPL.  It  involved  using  the 
ull  scenario  data  set  from  game  day  zero  to  D+30  in 
hich  there  are  is  no  combat.  Primary  items  to  be 
valuated  during  this  phase  include  TPFDO  events,  LOGIN 
vents.  Unit  move  ment  and  normal  consumption  of 
upplies.  Phase  II  involves  the  full  use  of  the 
nr-igrated  system  employing  all  10  terminals  and  27 
layers. 

d.  Evaluation.  The  user  requirements  were 
ransferred  to  rating  sheets,  one  of  which  was  given  to 
ati-‘  player  Each  player  rated  each  requirement  as 
aving  been  observed  as  being  met,  not  being  met  or  not 
b served.  These  ratings  were  tallied  as  described 
slow.  Where  there  was  disagreement  among  the  players, 
he  evaluation  team  arrived  at  its  own  assessment. 


>  GENERAL  CRITERIA 

In  interpreting  the  player  evaluetions,  the 
valuation  team  was  guided  by  the  following  general 
riteria- 

a.  Qualitu.  Did  the  software  in  the  model  work 
ie  1 !  enough  that  it  could  be  used  and  revised  in  the 
ut:i  re? 

b  Plauabilitu.  Did  the  model  work  well  enough  to 
«  used  for  driving  field  exercises  and  evaluating 
ontingency  plans  in  a  reasonable  period  of  time  with 
hi  players  likely  to  be  available? 

c.  Realism.  Did  the  model's  simulated  »‘esults  look 
ike  a  realistic  war? 


GENERAL  FINDINGS 
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she  acceptance  test  were  essentially  "big  bang"  type 
tests  that  involved  full  play  of  JTLS  to  find  out 
whether  specific  programming  features  worked  and  what 
bugs  would  arise  that  caused  systems  failure.  The  first 
three  functional  validation  tests  were  used  to  run 
individual  modules  of  the  simulation.  During  all  tests 
model  defects  that  were  discovered  were  corrected  on  the 
spot. 

e.  Present  Test  Purpose.  The  functional  validation 
tsiti  were  not  intended  to  determine  whether  design 
spec  if ications  had  been  met  or  whether  JTLS  is  a  useful 
tool  for  its  sponsors.  The  acceptance  test  is  intended 
to  provide  the  data  with  which  to  do  both. 


4.  TEST  ADMINISTRATION 

a.  Location:  Center  for  Land  Warfare 
Army  War  College 

b  Dates:  18  thru  29  June.  1984 
«  PjT-Ufiifl-ftntf. 


Readiness  Command  16 
Central  Command  4 
Pacific  Command  1 
Army  Concepts  Analysis  Agency  3 
Army  War  College  7 
Air  War  College  4 
Military  Academy  1 
Jet  Propulsion  Laboratory  10 
Contractors  ^  3 
(See  Inclosure  1  for  names.  ) 


d  Test  Direc tor:  Colonel  Leighton  0.  Hasselgrove 

a.  Hardware  Emo loued.  VAX  11/780  computer.  two 
Hie  drives.  ten  VT102  terminal.  four  megabytes  of 
:n carnal  memory,  a  ©raphover  9500  graphics  system  and  a 
Sony  25"  television  monitor 


3  TEST  PROCEDURE 

a.  Qeneral.  The  test  is  designed  as  a  general, 
macro-level  evaluation  of  the  totally  integrated  JTLS 
system  This  approach  was  selected  because  testing  of 
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c.  JSREDCQM  Continaencu  Planning  Subtask  (CPS) 

iisiyit  mutt*  UfviJL  simulation  l^TLS?  Functional 
3oec if icat i on.  Pasadena,  California:  Jet  Propulsion 
Laboratory*  February  29,  1984. 

d.  "CAA  Candidate  User  Acceptance  Test  Criteria.  H 
Befehesda*  Md:  Army  Concepts  Analysis  Agency,  5  August 
1983.  Cprintout3 


3.  MODEL  SUMMARY 

a  Q&SC  riotion.  JTLS  is  a  stochastic,  tuio-sided, 
player  interactive  simulation  of  combat  and  logistics 
*0;-  ground,  air  and  naval  forces  in  a  theater  of 
operations  It  uias  designed  as  an  elaborated  version  of 
iha  McCllintic  Theater  Model  of  the  Army  War  College. 
It  is  to  be  used  to  "drive"  joint  service  training 
?*er-cises  and  to  analyze  contingency  plans.  JTLS 
consists  of  110,400  lines  of  executable  code  and  1014 
nodules,  a  very  large  simulation.  It  uses  four 
terminals  per  team;  one  each  for  the  air,  the 
logistics,  the  intelligence  and  the  ground-naval  player. 

b  Designer.  JTLS  is  being  built  for  the  U.  S. 
Readiness  Command  the  Army  War  College  and  the  Army 
Concepts  Analysis  Agency  by  the  Jet  Propulsion 
Laboratory  in  Pasad-ena,  California. 

c.  Design  Specifications.  JTLS  consists  of 

aou ro» imately  110,400  lines  of  exocutable  code  and  1014 
modules,  a  very  large  simulation.  The  three  sponsors 
h«v*j  specified  187  design  features  desired  in  the  final 
model  (Par.  2.  b.  ).  The  contractor's  statement  of  what 
he  intended  to  accomplish  is  contained  in  a  separate 
document  (Par  2.c.  >  These  requirements  are 

summarized  below: 

Data  Base  Preparation  7 

Start/Restart  Module  3 

Model  Interface  10 

Combat  Events  164 

TOTAL  184 


Additional  specification  items  including  thuse 
to  graphics,  hardware  and  documentation  h 
formalized  in  a  separate  document  (Par.  2.  d). 


e  related 
have  been 


d.  Previous  Testing.  Four  functional  validation 
tests  have  been  conducted  previously  from  October 
through  May  1984.  The  final  functional  validation  and 
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DRAFT 

FOR  DISCUSSION  PURPOSES 


U.  S.  ARMY  WAR  COLLEGE 
Center  for  Land  Warfare 
Carlisle  Barracks 
Carlisle.  Pennsylvania  17013 


29  June  1984 


i-.'w-.'ECT:  Joint  Theater  Level  Model  User  Acceptance  Test 
Report 


TEST  GOALS 

The  user  acceptance  test  is  the  culmination  of  the 
JT'_5  Phase  I  development  effort.  The  goals  of  the  test 
ar  2  to 


a.  "Provide  a  mean*  by  which  representatives  of  the 
three  sponsoring  agencies.  USREDCOM.  US  Army  War  College 
ani  US  CArmy3  Concepts  Analysis  Agency  can  exercise. 
30* erve  and  evaluate  JTLS  capabilities." 

b.  "Insure  that  the  requirements  as  stated  in  the 
jTLS  User  Functional  Requirements  (Baseline)  Document 
•  JPL  0-449 >  have  been  satisfied. " 

c  “Determine  if  the  JTLS  system.,  as  delivered  by 
the  Jet  Propulsion  Laboratory  (JPL).  is  acceptable  to 
the  sponsors.  "  (Ref.  2  a.  ) 


2  REFERENCES 

a  "Joint  Theater  Level  Simulation  »JTLS>  User 
Acceptance  Test  Plan. “  US  Readiness  Command.  June  9. 
1934  SECRET 

b  R.  Roland.  E.  Roland  and  E.  Kelleher.  Jr. 
Contingency  Planning  Subtask  (CPS)  Joint  Theater  Level 
Simulation  <  JTLS )  User  Functional  Requirements 
« Basel i lne )  Pasadena.  California:  Jet  Propulsion 
Laboratory,  May  6.  1983. 
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APPENDIX  2 


ATTRITION.  CALCULATION 


i 
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APPENDIX  4 


Assess,  co^artT 


r‘i  1 1.:  r  x  on**  fuc-i  aopletion  penalty*  i-  no  penalty* 

>l~  penalty. 

Attrit&e  ammunition  depletion  penalty*  1«  no  penalty 
>  1  -  penalty. 

number  of  days  in  continuous  combat  above  1  day. 

1  l  00- .  i. *i  d  t  tiio  penalty  assessed. 


GROUND  FUNCTION  COMMENTS 


AP.5.0  Land-Related  Functions 

a.  Players  should  have  the  option  of  giving  units  with  a 
WITHDRAW  or  a  DELAY  mission  an  order  to  destroy  all  bridges  on 
their  route  as  would  be  common  in  these  type  operations. 

AP.5.1  Combat  Engineer  Support  System 

a.  In  addition  to  the  currently  modeled  -functions  of  lay  or 
clear  minefields  and  repair  damaged  targets,  ground  units  should 
be  capable  of  mobility  enhancement  engineering  functions  such  as 
road  improvement  and  bridging  obstacles.  This  routine  should 
check  for  the  appropriate  supplies  and  the  current  activities  of 
the  unit  which  may  take  precedence  over  the  engineer  function. 

AP.5.1.1  Minefields 

a.  Minefields  should  cause  attrition  to  units  that  enter  a  mined 
hex  without  first  giving  a  CLEAR  MINE  order. 

b.  Attrition  and  movement  delay  caused  by  a  minefield  should  be 
proportional  to  the  amount  of  mining  done  in  the  hex  by  ground 
and  artillery  units.  Currently  only  one  density  of  minefield  is 
modeled. 

c.  Supply  category  mines  should  be  decremented  when  a  minefield 
is  layed  to  force  logistics  players  to  manage  this  asset. 

d.  Players  should  be  able  to  override  a  unit  clearing  an  enemy 
minefield  before  leaving  the  hex.  This  is  a  valid  default 
procedure  but  may  not  be  appropriate  based  on  the  unit's  mission. 

e.  Players  should  be  able  to  direct  a  unit  to  mine  adjoining 
hexes  without  the  entire  unit  moving  to  the  hex  and  dumping  extra 
supplies  to  accomplish  the  move.  At  the  current  level  of  ground 
unit  resolution,  the  entire  unit  would  not  execute  the  mining  of 
nearby  hexes. 

AP.5.2  Unit  Movement 

a.  Movement  time  through  a  hex  is  currently  degraded  for  the 
number  of  friendly  units  in  the  hex  (square  root  of  1+number  of 
units).  Movement  time  should  also  be  degraded  by  the  number  of 
supply  convoys  in  the  hex  and  refugee  movement  if  appropriate. 
Refugee  movement  could  be  modeled  similar  to  supply  movement  and 
defined  by  the  players  or  controllers. 

b.  The  route  optimization  algori thm. considers  only  speed  of 
movement.  Units  will,  therefore,  move  over  the  quickest  route 
which  may  well  be  the  most  likely  target  for  interdiction,  e.g. 
the  only  bridge  over  a  river.  The  algorithm  should  inciude  a 
check  for  known,  in  range  enemy  units  similar  to  the  air 
algorithm  check  for  ADA  sites. 


c.  Players  had  difficulty  in  specifying  routes  that  the  units 
would  fallow  in  the  game.  Some  of  the  discrepancy  seemed  to 
arise  from  the  hex  system  which  the  players  do  not  see.  The 
problem  was  particularly  noted  when  trying  to  pass  units  through 
narrow  obstacles  such  as  a  mountain  pass  or  over  roads  which 
showed  on  the  map,  but  apparently  were  not  in  the  database. 

d.  After  movement  orders,  some  supporting  units  would  bypass 
their  supported  combat  unit  and  lead  them  into  combat.  Some 
logic  similar  to  the  follow-on  option,  modified  to  allow  a 
supporting  mission,  should  solve  this  problem. 

AP.5.3  Non-linear  Attrition 

a.  Attrition  rates  for  some  weapons  should  be  a  function  of 
terrain,  e.g.  DPICM  is  less  effective  in  forested  and  urban 
terrain  than  in  open. 

b.  Attrition  rates  should  be  a  function  of  defender’s  time  in 
position.  This  would  account  for  a  unit’s  ability  to  fortify  its 
defenses  over  time  and  could  be  modeled  through  a  fractional 
degradation  factor  that  varied  inversely  to  the  time  in  position. 

c.  The  indirect  fire  algorithm  currently  attrits  only  that 
portion  of  the  enemy  unit  which  shares  a  hex  edge  with  the 
attriting  unit.  Conceptually  this  is  incorrect.  An  area  fire 
system,  e.g.  artillery,  can  fire  throughout  an  adjoining  hex 
since  most  artillery  systems  have  a  range  of  at  least  24km.  In  a 
similar  manner,  the  direct  fire  algorithm  is  conceptually 
incorrect.  Direct  fire  weapons  attrit  enemy  thoughout  the  hex 
rather  than  just  on  the  hex  side  shared  with  the  friendly  force. 
These  current  artificialities  were  created  to  prevent  a  clever 
distribution  of  unit  strength  from  stopping  movement  of  a 
superior  unit.  This  could  occur  by  placing  a  very  small 
percentage  of  unit  strength  toward  the  enemy.  When  a  database 
is  created,  however,  the  true  meaning  of  the  attrition 
coefficients  must  be  kept  in  mind.  For  instance,  in  this  case, 
the  coefficient  represents  the  rate  at  which  one  artillery  piece 
in  a  force  faced  with  a  similar  target  array  would  attrit  the 
various  types  of  target  weapon  systems  within  the  enemy  array. 
The  explicit  fire  mission  attrition  algorithm  appears  to  be 
conceptually  correct. 

d.  Reinforcing  units  should  be  subject  to  attrition  of  those 
weapons  systems  which  are  affecting  the  reinf orcement .  This 
would  represent  counter — battery  fire.  In  a  similar  respect, 
units  which  execute  point  fire  missions  should  be  subject  to 
attri tian. 

e.  Units  which  are  out  of  fuel  and/or  ammunition  currently  are 
degraded  in  their  ability  to  attrit  the  enemy.  In  a  similar 
manner,  units  which  are  out  of  fuel  and/or  ammunition  should  be 
attri ted  at  a  faster  rate  since  they  cannot  respond  to  combat  in 
the  same  manner  as  a  totally  capable  unit. 


,pTJ 


VT.1  •  Vrttf Vtfif a  ViT&TTi ; Vrt .» , ■  > 


f.  The  combat  effectiveness  of  units  which  have  been  in 
continuous  combat  should  gradually  degrade  over  time.  This  can 
be  done  through  a  fractional  multiplier  to  their  attrition 
coefficients.  When  the  unit  exits  combat  for  a  period,  e.g.  24 
hours,  its  attrition  coefficients  should  be  restored  to  full 
value. 


g.  The  players  were  uneasy  with  the  attrition  resulting  in  the 
model.  Their  subjective  analysis  was  that  personnel  attrition 
was  too  high  while  combat  vehicle  attrition  was  too  low.  This  is 
an  obvious  and  fruitful  area  for  further  research. 


AP.5.4  Air  Defense  Improvement 


a.  The  model  assumes  perfect  IFF  and  therefore  no  friendly 
aircraft  destruction  by  fi  iendly  air  defense.  Realistically, 
there  will  be  a  small  percentage  of  friendly  aircraft  destroyed 
by  their  own  air  defense  systems. 


b.  Attrition  rates  of  aircraft  should  be  a  function  of  altitude 
envelopes.  Nap  of  the  earth  flights  would  have  higher 
survivability,  but  a  lower  probability  of  detecting  targets. 


c.  Players  cannot  move  air  defense  sites  since  they  are 
categorized  as  targets.  The  players  should  be  able  to  order  an 
air  defense  site  to  move  and  the  movement  should  be  modeled  as  a 
ground  convoy. 


AP.5.5  Target  Specific  Units 


a.  Players  should  be  able  to  define  targets  which  were  not 
included  in  the  original  database.  Some  minor  bridges  or  roads 
across  terrain  features  could  not  be  targeted  for  destruciton  or 
interdiction  since  they  wre  not  defined  as  targets. 


b.  Players  should  be  able  to  order  interdiction  or  destruction 
of  targets  that  are  catergorized  as  their  own  color.  This  would 
allow  units  to  destroy  targets  as  they  pull  back  and  would  not 
require  the  time  delay  of  contacting  the  controller  to  change  the 
target  type. 


AP.5.6  Indirect  Fire  Missions 


a.  An  artillery  unit  which  is  in  a  reinforcing  mission  should 
have  an  upper  limit  on  the  ammunition  it  expends  on  that  mission. 


b.  An  enhancement  is  needed  in  chemical  and  nuclear  attrition 
to  reflect  the  MOPP  posture  and/or  capability  of  the  units. 
Also,  when  a  unit  is  in  MOPP,  movement  rates  and  weapon 
effectiveness  should  be  degraded. 


c.  An  enhancement  is  required  in  nuclear  attrition  to  create 
rubble  and  obstacles  and  to  attrit  weapon  systems. 


BP. 3. 3  Opposing  Forces  in  Same  Hex  • 

a.  Airdrop  and  seal if t  cannot  be  placed  in  an  occupied  hex. 
This  negates  amphibious  and  airborne/airland  capabilities. 

BI.6.0  Sea-Related  Functions 

a.  Strategic  sealift  is  not  modeled.  MTM  was  capable  of  this 
function. 

b.  Sealifted  units  are  not  attrited  when  their  carrying  ship  is 
damaged . 

c.  There  is  no  check  on  ship  capacity  versus  the  size  of  a 
sealifted  unit. 

d.  Ships  are  never  destroyed.  When  they  are  damaged 
sufficiently,  their  movement  rate  is  slowed. 

e.  Sealifted  supplies  are  not  destroyed  or  damaged  when  their 
ship  is  damaged. 

f.  Damage  to  an  aircraft  carrier  does  not  prevent  it  from 
launching  aircraft. 

g.  Subsurface  and  ASW  is  not  modeled. 

h.  The  aircraft  carrier  routine  does  not  check  compatibility  of 
the  landing  area  and  the  aircraft. 


GROUND  FUNCTION-GENERAL 

a.  The  Infantry  units  of  the  101AA  and  the  S2ABN  Divisions  are 
not  modeled  to  depict  their  inherent  airmobility.  Reaction  times 
to  an  air  move  order  are  too  slow. 

u.  The  6CBAC  is  currently  modeled  as  a  tactical  air  unit.  This 
is  incorrect.  CBACs  should  be  modeled  as  ground  units  with 
unique  characteristics  such  as  the  ability  to  conduct  screening 
operations  or  delaying  operations  over  extended  distances  without 
becoming  decisively  engaged  and  to  conduct  deep  raid  and 
harrassing  operations. 

c.  Air  cavalry  modeling  can  be  improved  through  the  use  of  air 
scouts  and  the  QRA.OAS  mission.  An  air  scout  could  be  sent  to  a 
hex  and  modeled  like  a  HUMINT  Team  that  can  see  its  hex  and  the 
six  adjoining  hexes.  A  team  of  attack  ships  could  then  be  placed 
on  QRA.OAS  to  support  the  scout.  When  the  scout  detected 
targets,  the  attack  helos  would  scramble  and  attack  the  target. 

d.  The  database  entries  for  Special  Forces  should  be  reviewed. 
Particularly  the  attrition  rates  and  the  movement  rates  seemed 
low. 


e.  The  model  did  hot  accept  in  all  routines  a  change  of  unit 
headquarters-subordinate  unit  relationship. 


AIR  FUNCTION 

AP.4.0  Air  Operations 

a.  One  Wild  Weasel  weapon  shuts  down  the  air  defense  capability 
of  an  entire  hex.  It  should  only  shut  down  the  targeted- ADA  site 
or  a  percentage  of  the  ground  to  air  attrition  of  a  unit..  An 
entire  division’s  air  defense  assets  would  not  shut  down  due  to 
the  presence  of  one  Wild  Weasel. 

AP. 4.3  Flight  Routes 

a.  The  flight  route  planning  algorithm  should  not  give  friendly 
ADA  sites  equal  avoidance  weight  as  enemy  sites. 

AP.4.7  Aircraft  Carrying  Capacity 

a.  There  should  be  a  check  for  outsized  cargo,  e.g.  tracked 
vehicles,  versus  aircraft  type  to  prevent  improper  cargo  in  an 
aircraft. 

'  AP .4.8  Cargo  Load  Table 

a.  Two  or  more  aircraft  units  should  be  able  to  be  assigned  to 
airlift  one  ground  unit.  Currently  only  one  air  unit  can  be  used 
and  it  shuttles  until  the  ground  unit  is  moved. 

AP.4.2G  Aircraft  Capability  and  Loading 

a.  An  enhancement  is  needed  to  reflect  hardened  shelters  at  an 
airfield  in  the  vulnerability  of  the  aircraft  parked  at  that 
airfield. 

AP.4.23  AWACS  and  Tanker  Withdrawals 

a.  AWACS  currently  has  perfect  knowledge  that  it  has  been 
detected  by  the  enemy  which  allows  it  to  immediately  depart  the 
area.  This  should  be  reduced  to  a  probability. 

AIR  FUNCTION-GENERAL 

a.  An  enhancement  is  needed  to  reduce  the  maintenance,  refuel, 
and  rearm  rate  of  an  airfield  which  has  suffered  conventional, 
nuclear,  or  chemical  attack,  or  is  in  MQPP. 

LOGISTICS  FUNCTION 

AP.7.0  Logistics-Related  Function 
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a.  The  supplying  unit  in  the  CROSS. LEVEL  command  should  not  give 
up  weapon  systems  unless  specifically  ordered  by  weapon  type. 

BP. 7. 6  Transportation  System 

a.  Replacement  units  and  follow-on  units  arrive  at  the  current 
location  of  the  parent  unit,  not  a  port  or  airfield.  They  should 
arrive  at  such  a  facility  thereby  requiring  incountry 
transportation,  loading  the  transportation  network,  and  being 
subject  to  attrition  during  movement  to  their  parent  unit. 

LQBISITICS  FUNCTION-GENERAL 

a.  Disgarded  supplies  disappear  from  the  model.  They  should 
remain  for  use  by  units  which  later  occupy  the  hex  unless  the 
disgarding  unit  suffers  a  time  penalty  and  destoys  the  supplies. 


INTELLIGENCE  FUNCTION  C0MMENT8 
AI. 1.4.3  Player  Book 

a.  Red  unit  information,  similar  to  the  blue  unit  information, 
should  be  included  in  the  intelligence  player  book  for  the 
opposing  side.  That  information  would  normally  be  available 
prior  to  hostilities.  The  information  could  be  degraded  by  a 
certain  percentage. 

AP. 8.2  SLAR 

a.  Army  Corps  level  sensors,  e.g.  SLAR  and  ELINT,  are  not 
explicitly  modeled.  These  assets  are  implicit  in  the  strategic 
intelligence  detection  probability.  These  assets  should  be 
played  at  least  to  the  level  of  being  tasked  to  surveil  a 
specified  area  for  a  specified  time  period  and  report  at 
specified  intervals  to  the  stategic  intelligence  algorithm  which 
will  combine  this  intelligence  with  the  overall  intelligence 
list.  The  current  modeling  of  these  assets  ignores  the  function 
of  the  intelligence  staffs  to  manage  assets  and  the  scarce  nature 
of  these  assets.  It  also  ignores  the  rewards  for  concentrating 
the  assets  on  certain  areas  of  high  interest. 

AP.8.3  Ground  Sensors 

a.  Tactical  intelligence  assets  (organic  to  ground  units)  are 

modeled  with  a  single  detection  range  for  all  ground  systems  in 

the  unit  and  another  range  for  ail  air  systems  in  the  unit. 
These  ranges  should  also  be  a  function  of  terrain,  weather,  and 
light  conditions  as  appropriate  to  the  censors  in  the  unit.  As  a 
minimum,  the  detection  range  of  the  ground  units  must  be  a 

function  of  terrain  in  the  adjoining  hexes. 

b.  Tactical  intelligence  assets  currently  report  only  when 

queried.  Players  should  be  able  to  input  a  periodic  intelligence 
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report  parameter  that  would  cause  the  tactical  intelligence 
routine  to  report  detections  it  has  made  since  the  last  report, 
either  to  the  player  or  merge  these  findings  with  the  strategic 
report.  An  alternative  would  be  to  summarise  the  reports  at 
division  level  and  print  them  out  with  a  division  identifier. 

AP.0.4  HUMINT 

a.  HUMINT  Teams  should  be  subject  to  attrition.  This  could  be 
modeled  by  drawing  a  random  number  at  the  end  of  their  mission  to 
determine  if  they  successfully  returned  or  were  destroyed. 

b.  There  should  be  a  data  input  for  the  reporting  range  of 
HUMINT  Teams  to  reflect  their  communications  range. 

c.  HUMINT  Teams  should  store  all  intelligence  reported  since 
their  last  report  and  report  this.  Currently  the  teams  c..iy 
report  what  is  in  the  hex  at  the  time  of  their  report.  If  the 
team  detects  an  airfield,  the  number  and  type  of  aircraft  at  the 
field  should  be  reported. 

d.  The  HUMINT  Teams  should  have  a  probability  of  detection  since 
they  would  not  be  able  to  detect  everything  in  a  8  km  radius. 

e.  The  30  minute  status  report  from  the  HUMINT  Team  should 
contain  their  departure  time  from  the  current  hex.  If  the  player 
created  an  identifier  far  the  HUMINT  Team,  the  identifier  should 
appear  on  the  status  report.  The  teams  should  report  to  the 
players  when  they  have  returned  to  their  parent  unit. 

f.  Players  should  have  the  ability  to  change  the  HUMINT  Team 
mission  once  it  is  position  by  curtailing  or  lengthening  the  time 
in  position  or  defining  additional  hexes  to  surveil  after  the 
current  hex  mission  is  complete. 

g.  Parent  unit  SITREPS  should  include  the  number  of  HUMINT  Teams 
available  for  assignment,  or  the  total  number  and  the  number 
deployed. 

BP. 8.1  Intelligence  Summarization 

a.  The  volume  of  information  in  the  summaries  requires  some  key 
to  that  information  which  has  changed  from  the  last  raport.  An 
asterick  should  mark  those  units  who's  location  or  posture  has 
changed  since  the  last  report. 

b.  The  current  strength  column  should  only  read  to  two  decimal 
places  rather  than  five. 

c.  RECCE  report  content  should  include  aircraft  on  board  by 
number  and  type  for  any  airfields  which' are  reported. 


BP. 8. 2  Jamming 
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a.  Enemy  EW  coverage  of  a  hex  should  degrade  strategic  and 
tactical  intelligence  detection  probabilities  in  that  hex.  A 
simple  multiplicative  degradation  would  be  sufficient. 

BP. 8. 4  Reporting 

a.  Message  Queue  procedures  hinder  rather  than  facilitate 
dissemination  of  intelligence.  Recommend  the  following  changes: 

1.  Prioritize  messages  by  standard  communications 
procedure,  e.g.  FLASH  or  ROUTINE. 

2.  Within  precedences,  use  the  last  in  first  out  method  to 
send  the  messages.  Thus  all  FLASHES  take  precedence  over 
IMMEDIATES,  however  within  the  classes,  the  latest  message  takes 
precedence  over  the  others. 

3.  There  should  be  a  screen  recall  utility  for  filed 
messages  to  allow  further  editing  before  printing.* 

4.  Depending  on  memory  space,  allow  the  players  some  work 
file  space  to  word  process  items  for  the  game  and  print  them. 

5.  The  scan  command  should  have  an  option  to  scan  all 
messages  in  a  file  rather  than  specifying  the  number  in  the  file. 

b.  Realistically,  there  would  be  intercept  of  such  things  as 
enemy  SITREPs  and  intelligence  reports.  Recommend  consultation 
with  a  SIQINT  expert  concerning  this  entire  concept  and  modeling 
of  the  capability  with  appropriate  probability  of  intercept. 


INTELLI GENCE-0ENERAL 

a.  Joint  Command  should  be  able  to  task  national  and  strategic 
assets  with  an  ability  to  specify:  point  or  area  target  (point, 
strip,  or  polygon),  report  interval,  and  duration  of  the 
requirement.  Additionally,  reaction  time  to  include  collection, 
collation,  and  reporting  delays,  should  be  included.  A  realistic 
constraint  should  be  placed  on  the  total  number  of  simultaneous 
caskings  on  these  assets.  The  players  should  be  able  to  alter  or 
cancel  these  taskings  at  any  time. 
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I.  INTRODUCTION . 

The  McClintic  Theater  Model  (MTM)  has  been  the  subject 
of  the  USMA  And  Army  War  College  (AWC)  Model  Validation 
Program  (MVP).  The  purpose  of  MVP  is  to  assist  the  AWC  in 
providing  combat  model  users  with  "confidence  statements" 
about  the  outcomes  obtained  from  MTM.  This  particular 
project  analyzes  the  effects  of  key  input  parameters  on  the 
ground  combat  subroutine. 

II.  PROBLEM  DEFINITION. 

The  MTM  ground  combat  subroutine  uses  a  simple 
homogeneous  Lanchester  equation  dependent  upon  the  modified 
strengths  of  the  attacker  and  defender  to  produce  attrition. 
The  aim  of  this  project  was  to  determine  how  each  of  the 
input  parameters  modified  the  strengths  of  each  combatant 
before  the  attrition  was  calculated  and  modified  the 
resultant  force  levels  as  a  function  of  time. 

Ill  TEST  METHODOLOGY. 

I  investigated  the  effects  of  each  of  the  eight  input 
parameters  identified  by  Cadet  Bentley  and  Cadet  Entner  in 
their  reports.  These  parameters  are  listed  and  briefly 
explained  below. 

UNIT  STRENGTH:  This  is  a  real  number  that  indicates  the 

relative  combat  power  of  a  particular  unit.  The  values  in 
the  Nato  database  (provided  by  AWC)  range  from  1.0  to  6.0. 
This  is  the  parameter  that  is  reduced  as  a  result  of  combat. 
UNIT  TYPE:  This  describes  what  type  the  unit  is  such  as 
airborne,  air  force  or  armor.  These  serve  to  determine 
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Which  actions  are  feasible  for  a  unit  to  undertake.  This 
can  result  in  unrealistic  combat  results  if  certain  types  of 
units  engage  each  other.  For  example,  if  an  air  force  unit 
is  attacked  by  an  armor  unit,  the  air  force  unit  should  be 
easily  destroyed  by  the  armor  unit  in  ground  combat 
regardless  of  the  strength  of  its  fighter  aircraft 
represented  by  the  Unit  Strength  parameter.  The  game  also 
fails  to  take  into  account  Unit  Type  in  assessing  terrain 
modifiers.  An  infantry  unit  would  derive  a  greater  terrain 
benefit  from  urban  or  forested  terrain  than  armor  units 
which  perform  best  in  less  restricted  terrain. 

ENGAGEMENT  TYPE:  This  parameter  describes  whether  the  units 
in  combat  are  considered  moving  or  in  position  at  the  moment 
of  contact . 


TIME  IN  POSITION:  This  includes  how  long  the  units  have 
been  in  position  before  combat  and  how  long  since  combat  has 
started.  This  determines  the  defensive  postures  of  the 
units.  The  postures  are:  deliberate  defense  (in  position 
more  than  three  hours  for  red  units  and  in  position  more 
than  72  hours  for  blue  units),  hasty  defense  (in  position 
between  one  and  three  hours  for  red  units,  three  and  72 
hours  for  blue  units)  and  meeting  engagement  (in  position 
less  than  one  hour  for  red  units  and  less  than  three  hours 
for  blue  units ) . 

AMMO  AVAILABILITY:  A  0/1  variable  that  records  if  the  unit 
has  any  ammunition. 

POL  AVAILABILITY:  A  0/1  varible  that  records  if  the  unit 


has  any  fuel. 
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MINEFIELD/ CONTAMINATION  EFFECTS:  This  is  the  attrition  that 
occurs  when  a  unit  is  in  a  mined  hex  or  a  hex  contaminated 
by  nuclear  or  chemical  weapons .  The  ground  attrition 
subroutine  does  not  include  the  effect  of  the  initial 
attack,  but  it  is  included  in  a  separate  subroutine. 

TERRAIN  EFFECTS:  This  is  the  effect  of  different  terrain 
types  on  the  attrition  rates . 

UNIT  ORIENTATION:  This  refers  to  how  a  unit's  combat  power 
is  distributed  within  the  hex  it  occupies .  A  given 
percentage  may  be  devoted  to  each  hexside. 

The  effects  of  each  of  these  input  parameters  was 
determined  by  both  experimental  analysis  and  analysis  of  the 
combat  subroutine  programming  code.  The  object  of  these 
analyses  was  to  determine  whether  the  parameter  affected 
combat  as  predicted  by  the  source  code  and  the  game  manuals. 

The  experimental  analysis  involved  conducting  four 
separate  battles  simultaneously  in  each  game  run.  Four 
battles  were  used  to  save  time.  A  Soviet  Tank  Division 
attacked  a  West  German  Armored  Division  in  each  battle. 
Each  red-blue  pair  was  placed  two  hexes  apart  in  an  isolated 
part  of  the  map.  In  each  run  the  red  (Soviet)  unit  would 
move  into  a  hex  adjacent  to  the  blue  (W.  German)  unit  and 
combat  would  begin.  All  of  the  input  parameters  were  held 
constant  except  the  parameter  under  investigation.  The 
experimental  output  was  the  attrition  experienced  by  each 

unit.  This  would  be  analyzed  to  determine  how  each  input 
parameter  affected  combat. 


Initially  it  was  planned  to  conduct  multiple  runs  of 
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each  experiment  to  determine  the  statistical  variance  of  the 
results.  This  proved  unnecessary  when  all  runs  of  the 
initial  sets  of  experiments  were  exactly  the  same. 
Regardless  of  game  time,  starting  time  or  game  speed  as  long 
as  all  input  parameters  are  the  same,  the  combat  results 
would  be  the  same  also.  A  subsequent  analysis  of  the  entire 
combat  subroutine  revealed  that  there  were  not  any 
stochastic  elements  involved  in  the  entire  attrition 
process.  All  combat  strength  modifiers  were  determined 
directly  by  the  values  of  the  input  values.  All  random 
combat  attrition  is  a  result  of  variations  of  the  input 
parameters  by  the  player  or  by  other  subroutines .  An 
example  of  this  would  be  a  situation  where  bad  weather 
delayed  the  arrival  of  an  attacking  unit  long  enough*  to 
allow  the  defending  unit  to  assume  a  deliberate  rather  than 
a  hasty  defensive  posture.  This  would  result  in  greater 
attrition  for  the  attacker  than  normal.  This  made  multiple 
runs  of  each  experiment  unnecessary.  Only  two  runs  would  be 
made  of  each  experiment  to  insure  that  the  results  were 
correct . 

The  source  code  for  the  combat  subroutine  was  examined 
to  predict  the  effects  of  each  input  parameter  and  to 
explain  any  unusual  results.  After  much  careful  examination 
the  attrition  process  became  very  clear.  It  was  then 
possible  to  follow  the  attrition  process  for  any  engagement. 
The  attrition  process  functions  exactly  as  programmed  in  the 
code . 
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IV.  THE  MTM  ATTRITION  PROCESS. 

It  is  necessary  to  understand  how  the  MTM  attrition 
process  works  to  understand  how  the  input  parameters  affect 
combat.  All  units  are  assigned  a  combat  power  value  in  the 
database.  During  combat  this  power  is  multiplied  by  values 
assigned  to  each  input  parameter.  The  attrition  rate  is 
generated  using  a  simple  homogeneous  Lanchester  type 
difference  equation.  This  equation  is: 

Loss  «(  l.-( Friendly  Points-. 03  Enemy  Points)  )  *  100 

2  hours  Friendly  Points 

Where : 

Points«Unit  Strength  *  Modifying  Factors 
Loss*  Fractional  decrease  in  Unit  Strength. 

Modifying  Factors*  The  cumulative  effect  of  the  input 
parameters . 

The  source  code  was  analyzed  to  determine  the  effect  of  each 
input  parameter  on  the  attrition  equation.  The  data  from 
each  battle  run  was  used  to  confirm  this  prediction. 

V.  TEST  RESULTS. 

The  effects  of  each  parameter  are  explained  in  this 
section  along  with  the  effects  of  daylight,  darkness  and 
weather . 

UNIT  STRENGTH:  This  directly  affects  the  attrition  process 
through  the  variable  points.  This  strength  is  multiplied  by 
the  modifying  values  of  the  other  input  parameters.  The 
combat  losses  of  a  unit  are  reflected  by  a  decrease  in  this 
strength.  This  is  exactly  as  predicted  in  the  program  and 
user  manuals. 


UNIT  TYPE:  The  only  effect  of  this  parameter  is  to 
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determine  the  actions  that  are  feasible  for  a  particular 

unit  to  perform  such  as  air  attack  missions  or  indirect 
fire.  It  has  no  effect  on  ground  combat.  This  is  as 
predicted  in  the  code  and  the  user  manuals. 

ENGAGEMENT  TYPE:  Whether  the  attacking  or  defending  unit  is 
still  moving  toward  its  destination  or  has  already  arrived 
when  it  makes  contact  has  a  significant  effect.  Both  test 
results  and  code  analysis  indicate  that  a  moving  unit 
suffers  a  60  percent  reduction  in  combat  power  for  the  first 
four  hours  of  combat.  This  could  be  taken  to  represent  the 
greater  firepower  that  a  unit  that  is  able  to  deploy  into  a 
prepared  attack  formation  would  have  over  a  unit  that  runs 
into  the  enemy  while  still  in  a  march  column  type  of 
formation.  Four  hours  does,  however,  seem  to  be  an 
excessive  time  period  to  penalize  a  moving  unit.  A  unit 
should  be  able  to  recover  from  the  initial  shock  of  combat 
and  deploy  into  an  attack  or  defensive  formation  within  two 
hours.  The  game  designates  the  attacking  side  as  the  side 
with  the  shortest  average  time  in  position  during  each  two 
hour  period.  This  does  not  have  any  other  effect  on 
attrition  (SEE  FIGURE  III). 

TIME  IN  POSITION:  The  time  that  a  unit  has  been  in  position 
is  used  to  determine  what  type  of  defensive  posture  the  unit 
is  in.  The  posture  significantly  effects  the  units  combat 
power.  For  Blue  units:  Meeting  engagement*  time  in 

cosition  less  than  three  hours.  Hasty  defense*  in  position 

between  three  and  72  hours.  Deliberate  defense*  in  position 

greater  than  72  hours  or  at  game  start. 
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For  Red  units  * 

Meeting  engagement*  time  in  position  less  than  one  hour. 
Hasty  defense*  time  in  position  between  one  and  three  hours. 
Deliberate  defense*  in  position  greater  than  three  hours  or 
at  game  start. 

The  effects  of  each  posture  are: 

|  Meeting  engagement:  Does  not  change  combat  power. 

'  Hasty  defense  results  in  a  50  percent  increase  in  combat 

power. 

Deliberate  Defense  increases  power  by  200  percent. 

Both  the  attacking  and  defending  units  are  modified  in  this 
manner  (SEE  FIGURE  IV).  Neither  the  game  manuals  nor  the 
program  code  offer  an  explaination  for  the  different  times 
5  to  assume  a  given  posture  by  red  and  blue  units.  There  does 

.  not  appear  to  be  any  reason  that  red  units  should  have  an 

advantage  when  assuming  defensive  postures.  It  is  not  clear 
!  whether  this  was  an  intentional  difference  or  an  error  was 

i  made  in  the  code. 

|  AMMO  AVAILABILITY:  Any  unit  that  completely  exhausts  its 

g  supply  of  ammunition  during  combat  is  immediately  destroyed. 

I  This  occurs  even  if  both  units  are  out  of  ammunition  at  the 

II  same  time . 


POL  AVAILABILITY:  Any  unit  that  runs  out  of  fuel  in  combat 
is  assessed  a  50  percent  reduction  in  combat  power. 

MINES:  Minefield  attrition  is  assessed  independently  and 
concurrently  with  combat  attrition.  This  is  accomplished  by 


a  separate  subroutine.  Mines  do  not  affect  the  ground 
combat  attrition  equation.  The  attrition  from  minefields  is 
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in  addition  to  combat  attrition.  This  makes  sense  from  a 
real  life  point  of  view.  Being  trapped  in  a  minefield  would 
make  a  unit  more  vulnerable  to  attrition  if  it  remained 
stationary,  while  the  minefield  would  damage  or  destroy  some 
of  the  forces  if  they  attempted  to  maneuver  to  reduce  their 
vulnerability  to  enemy  fire  (SEE  FIGURE  V). 

CHEMICAL/NUCLEAR  CONTAMINATION*  Units  are  not  affected  by 
contamination  beyond  the  effects  of  the  initial  spray  or 
blast.  The  users  manual  predicts  that  a  unit  will  lose  one 
percent  of  its  power  every  hour  that  it  is  in  a  contaminated 
hex.  This  does  not  occur  in  actual  play.  The  discrepancy 
exists  because  the  nuclear  and  chemical  attrition 
subroutines  have  not  been  coded  in  the  version  of  MTM 
furnished  to  USMA. 

TERRAIN*  Each  hex  is  assigned  a  value  representing  the  type 
of  terrain  predominate  within  the  hex.  The  method  for 
assigning  a  value  to  a  terrain  type  is  not  completely 
explained,  however,  more  restrictive  terrain  such  as 
forested  areas  and  urban  areas  are  assigned  higher  values 
than  less  restrictive  terrain  such  as  open  areas.  Negative 
terrain  values  cut  combat  power  in  half.  Positive  terrain 
values  less  than  two  do  not  change  the  combat  power.  Values 
between  two  and  three  double  combat  power  while  values  of 
three  or  more  triple  it  (SEE  FIGURE  VI).  As  mentioned 
before,  the  game  does  not  discriminate  between  unit  types  in 
assessing  terrain  modifiers.  Obviously  different  types  of 
units  are  helped  or  hampered  differently  by  a  certain 
terrain  type  than  other  types  of  units.  Urban  terrain 
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triples  the  combat  power  of  any  type  of  unit.  This  nay  be 
try  for  an  infantry  unit,  but  few  tankers  would  consider 
their  units  to  be  at  an  advantage  in  restricted  towns  and 
cities.  In  real  combat,  tankers  would  try  to  bypass  urban 
areas  but  in  the  game  it  would  be  advantageous  for  tankers 
to  move  into  urban  areas  to  gain  the  advantage  of  the  3.0 
multiplier.  The  terrain  modifiers  should  be  put  into  a 
matrix  that  indexes  the  multiplier  by  both  terrain  and  unit 
types . 

UNIT  ORIENTATION:  MTM  does  not  distribute  a  unit's  combat 
power  within  its  hex.  Orientation  is  not  simulated  in  MTM. 
DAY/NIGHT  AND  WEATHER:  These  parameters  have  no  effect 
whatsoever  on  the  combat  process.  No  effect  is  coded  and 
none  is  claimed  in  the  users  manual.  These  parameters  have 
an  effect  in  other  subroutines  which  in  turn  may  affect 
parameters  that  do  have  an  effect  in  the  combat  subroutine. 
This  is  an  obvious  weakness  of  the  model .  It  cannot  be 
assumed  that  all  units  in  the  theater  are  equipped  with 
Standard  Target  Acqusition  and  Night  Observation  (STANO) 
devices  or  that  the  STANO  devices  make  a  unit  as  effective 
as  it  is  in  clear  daylight  conditions .  It  is  reasonable  to 
expect  that  attrition  rates  would  decrease  at  night  or 
during  foul  weather.  The  troops  are  more  lethargic,  morale 
is  often  lower  and  targets  are  harder  to  acquire  and  track 
during  the  night  and  in  foul  weather. 

Each  unit's  combat  power  is  multiplied  by  each 
modifying  factor  to  produce  the  friendly  and  enemy  point 
values.  These  values  are  then  inserted  into  the  attrition 
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equation  to  determine  the  loss  rate  for  each  two  hour 
period.  After  all  of  the  units'  losses  have  been 
calculated,  they  are  subtracted  from  the  units'  strength 
ratings.  The  combat  subroutine  reduces  the  percent  rating 
and  the  unit  strength  rating  only.  Another  routine  depletes 
the  appropriate  amount  of  expended  supplies. 

VI.  SAMPLE  ATTRITION  CALCULATION. 

The  following  combat  situation  illustrates  how  the 
attrition  process  works.  In  this  situation  a  red  tank  unit 
with  a  strength  rating  of  4.0  attacks  a  blue  armor  unit  with 
a  strength  of  6.0.  The  red  unit  is  moving  toward  hex  AW  33 
when  it  makes  contact  with  the  blue  unit  in  AW  35  and  halts 
in  hex  AW  37.  The  red  unit  is  in  a  hex  with  forested 
terrain  (2.0  value).  The  blue  unit  has  been  in  an  open 
terrain  hex  (1.0  value)  since  the  start  of  the  game.  Using 
this  data,  the  attrition  rates  generated  by  the  game  can  be 
reproduced.  The  terrain  values  correspond  to  a  particular 
combat  multiplier  value.  For  the  red  unit  in  forested 
terrain  this  multiplier  is  2.0.  The  blue  unit  is  in  a 
deliberate  defensive  posture  since  it  has  been  in  its 
position  since  the  game's  start.  This  multiplies  its  combat 
power  by  3.0.  The  red  unit  has  been  in  position  for  about 
one  hour  Which  places  it  in  a  hasty  defensive  posture  with  a 
multiplier  of  1.5.  Because  the  red  unit  has  not  reached  its 
destination  hex  and  it  has  been  in  its  position  less  than 
four  hours  since  it  made  contact  with  the  blue  unit,  it  will 
suffer  a  60  percent  penalty  for  moving.  It  will  have  a 
combat  multiplier  of  .4. 
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After  calculating  all  of  the  multiplying  factors,  the 
computer  will  calculate  the  points  for  each  side.  This  is 
done  by  multiplying  the  unit  strength  by  each  of  the 
multiplying  factors.  For  the  red  unit  this  would  be:  4.0  * 
2.0  *  1.5  *  .4  *  4.8.  For  the  blue  unit  this  would  be:  6.0 
*  1.0  *  3.0  ■  18.0.  In  calculating  the  losses,  these  values 
would  be  substituted  into  the  attrition  equation.  For  the 
blue  unit  this  would  be: 

(1.0- (18.0- (.03*4. 8) )/18.0)*100*.8% 

For  the  red  unit  this  would  be: 

( 1 . 0- (4. 8-( .03*18.0) )/4.8)*100-ll. 3% 

These  results  match  the  actual  attrition  rates  generated  by 
the  game  for  the  first  two  hour  period.  If  more  than  one 
unit  was  involved,  the  game  would  sum  all  of  the  points  for 
each  side  before  calculating  an  aggregate  attrition  rate  for 
each  side.  If  either  unit  was  out  of  POL  its  strength  would 
be  cut  in  half.  Either  unit  would  be  eliminated  if  it  was 
out  of  ammunition  regardless  of  the  status  of  the  opposing 
unit . 

VH.  CONCLUSION. 

The  MTM  combat  subroutine  performs  exactly  as  it  has 
been  programmed.  The  major  flaws  in  the  attrition 
subroutine  arise  from  the  fact  that  it  completely  ignores 
the  effects  of  weather  or  day/night  conditions  on  ground 
combat.  Another  significant  deficiency  is  the  lack  of  any 
type  of  documentation  available  at  USMA  that  states  how  the 

values  used  as  unit  strengths,  terrain  values,  time  in 
position  modifiers  and  the  .03  attrition  rate  coefficient 
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are  determined.  These  values  may  have  simply  been  pulled 
out  of  thin  air  and  have  absolutely  no  relevance  to  real 
world  conditions.  The  MTM  combat  subroutine  does,  however, 
provide  a  workable  system  to  simulate  ground  combat 
attrition. 

Further  research  must  be  performed  in  two  areas:  how 
to  modify  the  program  to  simulate  the  effects  of  daylight, 
darkness  and  weather  and  what  are  the  appropriate  values  to 
uses  as  unit  strengths  and  modifying  coefficients.  The  MTM 
model  could  then  be  modified  to  provide  a  much  more  accurate 
simulation  of  ground  combat  attrition. 

The  MTM  model  in  its  current  form  is  a  useful  tool  to 
give  students  a  feel  for  what  it  is  like  to  command  an 
integrated  theater  force  in  combat.  Beyond  this  it  is 
highly  unsuitable  because  too  many  factors  are  ignored  in 
the  combat  process  and  those  that  are  addressed  have  not 
been  documented  to  establish  their  reliability.  If  the  MTM 
model  is  to  be  used  as  a  tool  to  teach  strategy  or  to  test 
hypothetical  scenarios  for  planning  purposes,  the  model 
should  be  modified  to  include  all  factors  that  are  believed 
to  significantly  effect  ground  combat  and  all  of  the  values 
used  in  the  program  should  be  checked  to  insure  that  they 
represent  the  real  world  situation. 


FIGURE -I.  -  ATTRITION  TABLE 
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Contaminated 
Area 

1/.  every  hour  unit 
remains  in  contaminated 
area. 
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ical  or  Bio¬ 
logical  Attack 

Varies  with  number  of 
sorties  or  volleys  and 
weapon  type. 

Varies  with  number  of 
sorties  or  volleys  and 
weapon  type. 

0  hours 

1  Aircraft 
Sortie 

Varies  with  aircraft  type 
and  target  type. 

Varies  with  aircraft  type 
and  target  type. 

15  minutes  per 
unit  sortie 

1  Artillery  Unit 
Volley 

Varies  with  artillery  or  missile  type  generally 

1%  loss  for  a  full-strength  volley 

15  minutes  per 
unit  sortie 
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TERRAIN  EFFECTS 


TERRAIN  EFFECTS 


Terrain  Type 

Trafficability 

Reduction 

Combat 

Multiplier 

OPEN 

1.0 

1.0 

FOREST 

2.0 

2.0 

URBAN 

3.0 

3.0 

MOUNTAINOUS 

3.0 

3.0 

GOOD  HIGHWAY 

0.33 

1.0 

* 

POOR  ROAD 

0.50 

1.0 

BRIDGED  RIVER 

0.5 

1.0 

RIVER 

2.0 

1.0 

ANTITANK  DITCH 

3.0 

1.0 

MINEFIELD 

2  to  4-hour  delay 

0.5 

NUCLEAR  CONTAMINATION 

to  i^-hour  delay 

0.5 

CHEMICAL  OR  BIOLOGICAL 

2  to  4-hour  delay 

0.5 

CONTAMINATION 


NOTE:  The  effects  listed  above  are  those  currently  in  the  program.  Other 
effects  such  as  superhighways,  dirt  roads,  narrow  rivers,  and  wide 
.  rivers  could  be  added. 
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determine  how  much  emphasis  should  be  placed  on  the  results. 
Certainly*  a  2.62  percent  attrition  rate  found  in  this  run 
of  FOURCE  does  not  refute  a  3  percent  attrition  rate  used  in 

MTM. 

SI  JQGESIlOblS-EOB-EUBIUEB-BESEABCU 

Although  the  2.62  percent  attrition  rate  found  for  blue 
forces  ii»  this  ru»*  of  FOURCE  does  not  refute  MTM's  3  percent 
rate*  it  also  does  not  adequately  Justify  its  use.  Further 
research  can  be  performed  on  this  subject  by  checkins  the 
attrition  rates  ^rom  other  accepted  models. 

-A  determination  of  the  red  forces  attrition  rate  in 
FOURCE*  can  be  performed  very  easily.  Using  the  steps 
provided  in  stage  2  of  in  the  methodology  of  this  report* 
this  check  can  be  performed  within  a  reasonable  amount  of 
time.  '  ;  -  - ■ 

Data  provided  by  the  Combined  Arms  Operations  Research 
Activity  located  in  Ft.  Leavenworth* Ks. » is  available  here 
at  the  Academy.  This  data  is  on  the  Eur  V  war same. 
Additional  information  needs  to  be  requested  before  analysis 
on  this  data  can  be  Performed. 

To  any  cadet  who  pursues  further  research  in  this' area. 
I  offer  some  sound  advice  based  upon  mv  own  research 
experience! remember  the  first  step  to  any  problem  in 
quantatative  decisionmaking* THINK  ABOUT  THE  PROBLEM.  Before 
any  information  is  extracted  and  manipulated  from  the  large 
quantities  of  data  available*  be  sure  you  fully  understand 
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the  attrition  rate  is  an  accurate  representation  of  FOURCE's 
overall  rate  of  attrition.  The  hish  standard  deviation  is 
an  indicator  of  FOURCE's  stochastic  nature. 

The  FOURCE  model  is  an  accepted  model  by  the  model  ins 

V  , ;  v':  s'.  .  . 

community.  It  “places  particular  emphasis  on  the  simulation 
of  staff  performance  and  combat  inf ormation/intel 1 isence 
flow  in  order  to  measure  the  relative  combat  effectiveness 
of  .  command  ■  and. .-control  --  and  intell  isence  system 


"  '  •  '  r'£.:  .  '.'.V,*,  ••  .  . 

alternatives.” (Parish  p.4-i)  Althoush  the  siain  emphasis  may 
•  not  be  on ^^.'•the^  ^representation  of  combat,  this  section  of 
FOURCE' sprosram  does  use  valid -inputs  to  determine  losses. 
•Thus*  information-  -extracted  from  its  attrition  outputs  is 


'  V  V'^u  >*  yrV  c  . 

-  *  y  ~  .5*  •  v2r-’  •  ~  JL*  v**i -r  , 

•*  .  ‘  *»4  '•*  .  ‘ 


valid. 

.  The  2.62  percent  dives  evidence  to  support  MTM's  £ 

percent  attrition  rate.  The  stochastic  nature  of  FOURCE's 
attrition  is  not  represented  in.  MTM's  combat  subroutine.  A 
new  elsorithm*  which  would  fluctuate  the  attrition  rate  in 


MTM's  combat  subroutine,  can  be  written, but  this  would  not 
be  practical.  True,  the  attrition  rate  would  fluctuate  in  a 
stochastic  manner,  but  without  valid  inputs  to  decide  when 
the  rate  would  fluctuate,  the  subroutine  would  still  not 
realistically  represent  actual  combat. 


A  check  on  the  reasonableness  of  MTM's  attrition  rate 
has  been  performed.  Dependind  on  how  much  confidence  a 
person  has  in  this  sinsle  run  of  the  FOURCE  model, will 
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3.  The  change  in  strength  due  to  ground  combat*  from 
stem  2*  was  divided  bv  the  starting  strength  of  the  division 
to  obtain  the  fractional  losses  over  the  30  minute  interval. 

~_  4.MTM  uses  the  equation 
-■  1.0^( <BLUE-(.03)RED>/BLUE>*100-rercent  l  oss 

tofisuretherercentloss  rer  reriod. (BLUE* RED  rerresent 
blue  endred^strengthslThls  equation  can  be  transformed  to 
isolate-the^SL  percent  attrition  rate.  The  resulting 


rrr •  ••  i:-*' •'**- •' **• fractional  loss.  If  we 

^f^stitv^^tM^i^t^tli^-;:_ e«K»ation -we  then  have  all  the  data 

~^*aada# ' POURCE* s-  attition  rate 

>7:- .  *  ■  * v " :  ■■  ■  ■• 

aver  a  SO^ainute  interval > 

•  iA-Tai  •  •:  •‘V’ 1  '*■'?  ^  •:*•#,._  •••'  *» .’ •  •  ■*  •  V  •.  •*■ 

v^S*The  resulting  attrition  rates  need  to  be  raised  to 
tha  4th  rower  to  convert  the  rate  from  a  30  minute  interval 
to -a  2  hour  interval  which  is  used  bv  MTM. 


*  -.  ;  ft.  ■'. ... "  ^  ^  ” '  '  ' '  > 

•  ■  •  .  ■■  i 1 V' ■  ■  j V/v- *1. -  '■■•.■  ■  -,  . 

.■•■..■  •  •  • ;  •*  :•  r .- - ,  >••/•’  -w 

■  —  .  ’•  ~}«r  t.  •*'.../•  v*S  >:7  '  .  r*  ‘..vU.-  .  ‘ 


rerformed  a  regression  analysis  on  the  attrition  rate 
against  time.  An  F^test  on  the  results  concluded  that  I 
could  not  reject  the  null  hvrothesis  which  states  that  the 
store  is  eeuat  to  zero. (Annex  E)This  means  the  attrition 
rate  is  not  really  affected  by  the  time.  1  found  the  mean 

of  the  attrition  rate  and  found  the  attrition  rate  to  be 

» 

2.42  rercent  with  a  standard  deviation  of  5.81  rercent.  The 
results  of  the  F-test  surrort  mv  conclusion  that  the  m  an  of 
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liv«n  tt  30  minute  interval*.  Using  th«  "summary  of 
engagements"  and  the  30  minute  output  on  "maneuver  unit 

'  '  ■  t 

weapons  and  ammo**  I  Was  able  to  compilo  additional  relevant 

.  ■  • .  ■  jP.  ' - 

data.  Due  to  the  stochastic  nature  of  FOURCE*  I  no  longer 

v •"  r 

pursued  the  possibility  of  aggregating  the  attrition  rate  at 


battalion  level  to  division  level.  I  placed  mv  emphasis  on 

/tryind  to  .determine  the  reasonableness  of  MTM's  3  percent 

■■ "  ■ ; 

.attrition  rate.  . ...... 


'*  '  uaa  fn  TAnfar 


;  .  '  Anv  .tiae  a,,  battalion  was  in  contact*  the  entire 

divisionwas'subseauehtlY.in  contact.  I  tabulated  the 


results  start! ns  f  rom60  minutes  up  to  1290  minutes*  as  the 

‘  >•;  -/.V ;  'V;-:.;  '•>  •r^->  • .  0, 

.  blue  division  represefiied  in  FOURCE*  RUN  726*  was  in  contact 


1  ;•  *2:V* 


for  the  period  fro^  45  minutes  to  1269  minutes, 
manipulated  the  data  according  to  the  following  steps* 


-I'-  *i.. 


•V';,  :h 


-■  v 1. The  overall  .  stdtf tins  strength  of  the  blue  division 
during  the  30  minute  interval  was  subtracted  from  the  ending 
strength. 

r  .  ;t>  .  ’ 

2. The  change  in  strength*  obtained  in  step  1*  included 
losses  due  to  air.  MTM  has  a  separate  Air  subroutine 
(therefore*  1  only  wanted  results  from  FOURCE  which 
reflected  losses  due  to  ground  combat.  From  my  FOURCE  data* 
I  added  the  losses  due  to  air  attack  to  the  overall  change 
in  strength. 
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F  distribution*  then#  was  sisnificonco  in  tho  rosrossion 
botwoon  tho  Attrition  roto  And  timo.  (Annox  A)  Tho  hish 
stAndArd  doviotion*  tho  low  corrolotion  coof f icionts*  And 
tho  riot  of  Attrition  vs.  timo  (Annox  O*  coused  mo  to 
rursuo  miy  invostiSAtion  of  tho  rosrossion  onuotion. 

A  riot  of  tho  stAndArdizod  rosiduAls  showod  3  of 
tho  40  ,  dotA  points*  f a1  1  ins  outsido  tho  (-2, +2) 
intorvAl . (Annox  B)  Thoso  outliors  woro  notod  whon  I  first 
rosrossod  tho  dAtA.  In  cortAin  casos*  outliors  con  And 
should  bo  discArdod  to  bottor  fit  a  rosrossion  onuotion.  In 
this  FArticulAr  CASO*,tho  outlioins  points  Aro  Just  as  much 
a,  port  of  tho  Siodo.1  as  ArtY  of  tho  othor  output  points.  Tho 
occuronco  of  tho  outliors  informod  mo  of  tho  stochostic 
nAturo  of  tho  FOURCE  modol . 

.  A  rosrossion  of  tho  Attrition,  roto  ASAinst  timo  And 
minimum  distmnco  savo  mo  a  bottor  modol  stotisticol 1 y»  but  I 
still  obsorvod  outlioins  points. (Annox  D) 

I  boson  to  monipuloto  h»y  vorioblos  to  roiross  a  bottor 

fit  lino  to  tho  doto.  Evon  thoush  I  orrivod  ot  bottor 

» 

modols  stotisticol 1y»  I  disrosordod  thoso  modols  and 
discontinuod  riy  pursuit  in  monipulotins  tho  input  doto.  I 
was  trYins  to  forco  tho  doto  to  fit  tho  modol.  I  was  tryins 
to  "dovolop  a  stotisticol  rol otionships  omons  vorioblos  thot 
woro  complotolv  unrolotod  in  tho  procticol  sonso. " (Hinos 
p 363-366 ) 

Output  on  tho  numbor  of  woopons  ond  Ammunition 
romoinins( tho  moosuro  of  stronfth  in  tho  FOURCE  modol)  was 
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MFTnnnni  rmv 

The  FOURCE  data  arri ved  in  the  form  of  .40  mounds  of 
commuter  mrintouts.  My  stratedY  for  attemmtind  to  obtain 
relevant  results  about  attrition  rates  in  FOURCE  was  to 


FIRST, find  the  relevant  data.  . 

SECOND, extract  and  tabulate  this  data. 

THIRD, manimulate  this  data  so  it  corresmonds 
..with  data  out  mu  t  or  attrition  rates 

from  mtm.  , ..  /  :■ , ■ 

••••■  ••  ^  = 

FOURTH, organize  and  describe  the  data  from 
..  .FOURCE; 


STAGE  I..,..-. 


My  initial  intentions  were  to  aggregate  the  battalion 
level  attrition  rates  mrovided  in  the  FOURCE  outmut  to 
attrition  rates  for  a  division  level  force,  which  could  also 
be  derived  from  the  FOURCE  outmut  data.  This  meant  I  had- to 
first  work  with  the  outmut  of  battalion  eniadements.  A 
summarv  of  each  battalion's  .engagements  for  the  blue  force 
was  given  at  the  end  of  RUN  726's  CAA  mrintout.  I  organized 
this  data  in  terms  of  mercent  strength  attrited,  time  in 
contact,  and  minimum  distance  between  units  in  conflict.  I 
first  redressed  the  attrition  rate  against  time. 
SurmrisindlY,  at  a  95  mercent  level  of  confidence,  using  the 
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other  validation  work  on  MTl*  end  save 


ieneral 


understandinS  of  tho  model.  Bodel±D4_and_Simula±i.oa_Q£_Land 
CaahitV  explained  tho  concert  of  usins  historical  date  to 
predict  future  events.  More  importantly*  this  book  informed 
me  of  the  relation  between  casual ty  rates  and  the  size  of 


the  -force  in  combat. 


•  Eocca-ao-lrocce.- At  icifcloo, Modeling  save  me  an  excellent 

1  '*.*'?  ■.  r  -  i;'V]  ?&,:*$ ’.•>■¥ •*>/.'. rV*  . 

^  A  -  .©££-*’  v  “ 

‘^o%^rview  ofv’ ’when-  mnd- how  Lanchester-  equations  can  be  used. 

.  v  v-- .  ;  - 

trVThe  used  ofthe  Lanchester  equation  in  MTM  is  very  basic  and 


necessary  for  my 


jj&nihd  t h law©  Hr  very  worthwhile,  as  it 


the  study  of.  analytic 


•*; technique*  in  *ER4'9<0reratien*  Research  II ) .  Lancbastac 

\  '  *'  V'^5r‘‘  V  #  j.  .  •  $  ‘ft  V- «♦?&•  •  »>  /•  -*y •  .  J 

.  Models;., of-Macface  showed  me  the  extensive  arrl  i cations  of 

- ■  •i>iv •  •  -r> Lanchester  eeuat ions-.-'4’ : ?■ 

,  •«.  f  od*;'i>r  •  v v V ■{  * * -A*:-  ’i i '&•»*' v 'Hf ^  ^ 

*  ..  4 .  ,  •  •  -  ■  ',v  .vj;  . «,  '•  ,  vi'  v;  >  'r  *  ;  1  > .  i  .>V  .•  *.• 

*l  ee. ■_  __  _  e*. _  t  ..  i.  i  _  •  a  •  •  ■  .  .  ■ 


’  y  ;■  Mmsfaacs  a^Eced-ict-ions  ■  and.,,  Use  familiarized  me  with 

another  technique Z  of  ^combat  model  ins.  The  extensive  use  of 
^historical  data  and  the  use  of  an  "orerational  lethality 
^  index*  were  '  euite  ^interest ins.  The  many  variables*  some 
.  -,.yien~euant  if  table*  that  effect  attrition  were  addressed  in 


this  work.  After  readinS  this  book*  I  became  fully  aware 


that  I  should  try  to  avoid  trvtns  to  force  a  model  to  fit 
the  data.  Conversely*  I  wanted  to  avoid  trvins  to  force  the 


data  to  fit  the  model 


~  ■  "Model ins  Command*  Control*  and  Communications"  and 

j  * 

"Table  1.  U.S.  FOURCE  Reader's  Guide"  became  my  Bible  in 
terms  of  understandins  the  FOURCE  model  and  data. 


I 


Hilos.K.F 


3 


•■  V  *  .  .  '  -v.  - 


unit  modols  toin^ut  for  lor  So  unit  modols  hovo  boon 
urisuccossf ul .  . 


At  tho  bosinnini  of  ny  rosoorch.  it  wos  mv  intont  to 


.soo  if  tho  ottrition  rotos  in  rnttUor  units  could  somohow  bo 
.  oSSroSotfd  to  V  fit ;Jthfr  attrition  rotos  of  lorsor  sizo  units. 

'  *;• :?■  ■  :?■$$*•  v><;*  ^r-'  ’  y>:\  •  ~  f- ' <  '•*  '  •" 

"  -  >mi  a  — '  —  o j  .  o  .  .l  i  _  a 


MTW  isothootor  lovoT  modoT  which  ottritos  division  sizo 

■**  ,v  ”  ' 


.  »  V&lj  - '  v*  •  •'.  ■  s: 

;.v I'.^rwii'ts. ^£jBv®jdofii|jf. j^;-.sno!l  unit  such  os  FOURCE*  I 

'  bottolion  lovol  Attrition 

.  '  . 


combot 


coofficiont  for  tho 
F^nlijC ;  Thontdr  Hodol  • 

'1.  ...  -V  •. 

■'•■■.  •^^.eBopi^m.QeuEciivg:^-^ 

occortod  combot  modols*  X 
'••  •  ..  . 

will  .. . . vlJboobf otodotormi no  tho  roosonoblonoss  of  HTH's 


<  .❖•.  j™-.  •••• .  ••  ••..-;••  • 

|:*a>f*\>: ;;y.  ;v 


y.j.  •:.  ■■'  v*  V  -  ." • '  ‘-;. 

ottritione.ooff  icionts. ..  ..2)bo  obloto  dotormino  o  now 


.*  •  *0 


^coofficiont.  ^Attrition.  ' 


<3 


:  ?;  Tho  noJority  of  tho  rood  ini*  which  X  hovo  dono  for  iby 
rosoorch*  wos  conrlotod  .  durintf  tho  first  rort  of  tho 
sonostor.  jpluch  of  tho.  rood  ins  wos  bockiround  roodins  on  MTM 
ond  conbot  nodolins, 

;  "Combot  Hodol ins,  Evoluot ion  ot  U8HA"  ond  "A  Dotoilod 
AnoWsis  of  tho  HcClintic  Thootor  Hodol"  ocouointod  mo  with 
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iib  ;V. 


-i.  • 

^T-Sa'i 


.*U. 


IMTEODUCHOM  “ 

A*  inttp«*t  in  th«  us*  of  the  McClintic  Theater 

'  <  > .  .  V-  . 

Model  drows.  so  does  the  initorost  in  validating  tho  modol 


end  its  database.  Yhe  United  States  Military  Academy  is  the 


-w 


prime  source  for  efforts  directed  toward  the  validation  of 


’  .'V.'  ♦  th-if  •',*'  **  *  •  • 

the  model.  ''.Fhcu? tv »  ’.as -  well  as  cadets,  take  mart  in  the 


voli^tion  w^W.;;  For  mr  ER489  Individual  research  project. 

sy\  J,?  -W&r  •  -  ■  •.  ''' 

t"  *  * ,  ,V7*  .  •  '  So-*"'  **  •'*  4  '  - 

r  have  chosentojwork  on  the  validation  of  one  phase  of  MTM. 

•>A-;  ?•  •  ■  *  .  . 

..  •'  ;  ♦  • 

’’  '.,^.^^Burth#  p^.^S*'arch»  ;,r  hav*  directed  my  efforts  toward 

•  :VT-^;T^;^  as  well  as  in  other  combat 

rrobabil  itv  and  kill 

f  .  'environment  and 

-:^.^;.v;-.-:,^i1^^^g;;trhwi#^*?^iderations';  : when:  '  determining  how  much  a 

.*?** writ^tl«j£;Ni*f^  diven  lendhth  of  time.  These 

■ .. .... •  •:■.'■•:  ’••  •< '■  *  ••  •  -  '  • 

"  T"  ^  "  attrition  determinins  factors  are  based  upon  facts  and  data 

v:v.>  ■ 

withered'-  from  weapons'  tests.  tactics 
:  —  ■  >$£,;  .manual  s  r'attd/  ’’actual  field  experiments.  These  models 

.  gen^al.Tv^^^^h'ish'."' resolution  and  are  accepted  by  the 


,y  modeftind  communitYbeceuseof  their  rel iable  input. 


#  v 


iwipw  r  m  wnmn^f*  a  e  mv 

.  .  • .  -,*V*V  ■  > ■ '**•*. Ll’tV-  »$*'*:>-.*.*•  V  &.•**  •  •• 


■^Ifthe  matrices  and  other  inputs  of  the  small  unit 


level  models  were  to  be  used  in  larder  army  or  theater  size 


& 


models*  the  prodram  for  the  larder  model  would  be  extremely 
lendthv  and  would  take  considerable  time  to  run.  Beside  the 
fact  that  this  information  would  place  a  hidh  demand  upon 
the  computer,  it  is  almost  impossible  to  determine  how  these 
inputs  would  chande  as  the  size  and  diversity  of  the  units 


in  contact  increased.  Attempts  to  addredate  input  for  small 
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ABSTRACT 


The  model  validation  rrodram*  of  the  McClintic  Theater 
Model*  at  USMA.  was  initiated  upon  the  request  of  the 
Commandant*  U.S.  Army  War  College.  -  This  research  paper 
investigates,  the  validation  of  one  phase  of  MTM.  /  The  3 
percent  attrition  rate  ii*  MTM's  combat  subroutine  has  been 
euestianed  bV/''M»t;:';’'ei()Sbat''  modelers  familiar  with  MTM.  By 
evaluating  theattritidh'retes  its' accepted  combat  models*  a 
check  "oh iN^«M^->att]rf tion  rate  in  MTM  can  be 

••  • V v -  battalion  •„  level 

attrition  to  : :-idivi a f Ow-f  ^ev4Tr  but  because  of  the  stochastic 

■ '  •  ■  ,: :  •  ■  •■  •  :  '  .  ■ 

nature  of  attrition  a tthebat tali on ~T eve 1*  this  asgraisation 

'•■■  ■■"■■  J  v-  •Hv'  ry-  ‘ -l':  . '  \  •  '•'  >  ,  ;-v 

was  no  longer  pursued*  ^Research  continued  with  the  emphasis 
being  placed  on  determining  the  reasonableness  of  MTM's 
attrition  rate.  •■•..  .  . 

The  attrition  rate  found  in  the  accepted  FOURCEv  model 

•  j;W:;  .-'•■■•  '&■ 

was  2.62  percent*-  This  2.62  percent  attrition  rate  provides 
evidence  to  support  MTM's  rate  of  3  percent*  althoush  it 
does  not  provide  a  full  justification.  Continued  research 
on  this  subject  is  necessary  to  fully  Justify  the  use  of 
MTMAs  attrition  rate.  The  results  of  this  research  report 

do  provide  a  confidence  statement  for  the  use  of  the  3 

♦ 

percent  rate. 
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why  you  need  the  data.  The  operations  to  ba  performed  on 
the  data  are  relatively  simple. but  the  time  wasted 

v 

performing  these  operations  can  be  enormous  if  a  losical 


approach  is  not  taken. 
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he  McClintic  Theater  Model  is  an  interactive  computer  simulation  of 
heater  level  warfare,  designed  for  the  education  of  senior  level 
fficers  in  the  operations,  strategy  and  problems  of  conducting  war  at 
he  theater  level.  From  the  model,  the  student  can  learn  the  effects 
f  various  methods  of  troop  employment  and  the  logistical  complications 
resent  in  any  large  scale  conflict. 


n  order  that  the  educator  and  the  student  feel  confident  that  the 
ight  lessons  are  being  learned,  they  have  to  feel  confident  that  the 
lodel  is  an  accurate  representation  of  theater  level  warfare.  One  of 
■he  primary  principles  of  war  as  expressed  by  current  Army  doctrine,  in 
'M-100,  is  Manuever.  A  commander  must  "place  the  enemy  in  a  position 
>f  disadvantage  through  the  flexible  application  of  combet  power".  The 
>ositioning  of  troops  on  the  battlefield  has  always  been  of  critical 
roncern  to  the  commander.  Any  model  that  attempts  to  model  warfare 
lust  therefore  concern  itself  with  the  movement  of  combat  and  combat 
lupport  units.  If  the  model  is  to  accurately  simulate  war,  it  must 
iccurately  simulate  force  movement. 


’he  purpose  of  this  paper  is  to  determine  how  MTM  models  ground 
tovement  and  determine  how  reasonable  this  model  of  movement  is 
:ompared  to  the  actual  movement  of  ground  units.  Finally,  the 
ipplicability  of  this  movement  model,  in  a  simulation  designed  for 
iducating  senior  level  officers,  will  be  addressed. 
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ere  are  two  parts  to  any  movement  movement  routine  in  a  war 
mulation.  These  two  parts  are  the  mechanics  of  movent  and  the  rate 
movement.  If  the  model  is  to  model  movement  adequately,  it  must 
equately  model  movement  rate  and  movement  mechanics. 

•vement  Rates  in  MTM 


tere  are  many  factors  which  effect  the  rate  at  which  ground  units 
ive.  Some  of  the  most  significant  of  these  are  listed  in  Table  1. 
'M  models  each  of  these  factors,  if  at  all,  in  a  number  of  different 
tys .  If  the  adequacy  of  MTM's  movement  rates  is  to  be  determined, 
len  it  will  be  necessary  to  determine  how  adequately  MTM  adresses  each 
?  these  factors . 


round  Slope 


le  general  effect  of  ground  slope  on  the  speed  at  which  a  unit  moves 
i  fairly  obvious.  If  the  unit  is  moving  uphill  then  its  speed  will  be 
»ss  than  what  it  could  be  if  it  were  moving  on  flat  ground.  MTM  does 
>t  take  ground  slope  into  account.  If  MTM  were  going  to  account  for 
Lope  it  would  have  to  have  some  idea  of  the  elevations  in  each  hex. 
’M  does  not  store  such  data. 


lit  Size/Efficiency 


: .  -r. 
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mrately  model  theater  level  warfare.  The  McClintic  Theater  Model 
mid  be  used  at  West  Point  as  a  training  aid  in  teaching  cadets  about 
ibat  simulation  and  wargaming.  Future  work  on  MTM  at  West  ‘•"liut 
mid  be  along  the  lines  of  cadets  developing  their  own  algorithms  for 
t  many  subroutines  in  the  model.  Additionaly,  work  should  be  done  on 
reloping  a  methodology  for  arriving  at  and  properly  documenting  all 
nerical  constants  to  be  used  in  any  algorithm.  MTM  in  the  form  in 
ich  it  currently  exists  at  West  Point  should  not  be  used  by  the  Army 
:  College  to  teach  senior  level  officers  about  theater  level  warfare. 
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Weather 
Unit  size 
Unit  type 
Engineer  Assets 
Ground  Slope 
Vehicle  Reliability 

Further  more,  the  values  used  to  model  the  effects 
of  all  other  factors  are  not  reliable  and  appear  to 
be  arbitrary. 

The  model  does  not  allow  troops  to  be  transported  by 
railroad. 

The  movement  algorithm  looks  only  one  hex  away  when 
determining  the  path  of  a  moving  unit.  This  produces 
a  route  of  movement  which  is  often  meandering  and 
not  in  agreement  with  the  route  a  commander  would 
have  the  unit  follow.  The  route  taken  in  no  way 
follows  what  would  be  the  easiest  route.  It  ignores 
all  information  about  enemy  location  which  makes  it 
possible  for  the  unit  to  run  into  the  enemy,  even 
when  the  commander  knows  the  enemy  location  and  wishes 
to  bypass  it. 

:oianendations  » 

!  needs  extensive  revision  before  even  the  movement  subroutines 
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fter  all  orders  have  been  read,  the  program  control  is  eventually 
ransfered  to  MANEUV.  It  is  in  MANEUV  where  the  unit  is  actually 
oved.  MANUEV  cycles  through  all  the  units  in  the  data  base  and  checks 
o  see  if  they  are  ready  to  be  moved.  If  they  are  ready  and  they  have 
'uel,  their  location  is  changed  to  that  of  their  next  hex.  If  they  are 
it  their  destination,  their  status  is  set  to  availible.  After  the  unit 
s  moved,  checks  are  made  to  determine  if  the  unit  left  or  entered  a 
iity  hex  or  entered  a  mined  or  contaminated  hex.  If  either  of  these 
:onditions  exists  then  appropriate  actions  are  taken  and  delays 
issesed.  The  subroutine  then  determines  if  the  unit  has  moved  adjacent 
:o  an  enemy  unit.  If  it  has  moved  adjacent  to  an  enemy  hex,  the  unit's 
itatus  is  set  to  combat.  The  next  hex  a  unit  will  move  into  is 
Letermined  in  subroutine  MOVNXT.  In  MOVNXT,  the  distances  from  the  six 
lexes  adjacent  to  the  moving  unit,  to  the  unit's  destination  are 
letermined.  The  model  then  determines  the  time  it  would  take  the  unit 
:o  move  into  each  of  these  six  hexes.  The  direction  which  would  result 
Ln  the  greatest  reduction  of  distance  to  the  destination  per  unit  time 
i.8  the  direction  of  the  unit's  next  move. 

)ef iciences 

[■her  are  a  number  of  places  where  this  model  fails  to  adequately 
represent  reality.  Some  of  thes  are  as  follows: 


The  model  ignores  or  fails  to  accurately  model  the 
effects  of  the  folowlowing  factors  on  movement: 
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Method  of  Movement  in  MTM 


MTM  uses  a  relatively  simple  algorithm  to  move  units.  Location  in  MTM 


is  given  in  terms  of  hex  coridintes.  When  a  commander  desires  to  move 


a  unit,  he  inputs  a  move  order.  The  essential  elements  of  a  move  order 


in  MTM  are  the  key  word  'move',  the  unit  to  be  moved,  and  the  unit's 


destination  hex. 


Other  information  may  be  added  to  the  order  but  it  is  not  required. 


The  optional  data  in  a  move  order  are  the  speed  the  commander  desires 


the  unit  to  travel  at  and  the  time  he  wants  them  to  start  moving.  If 


the  movement  speed  and  start  time  are  not  given,  the  model  sets  the 


movement  speed  to  the  units  maximum  speed  and  the  start  time  to  the 


time  the  order  was  recieved.  There  are  three  major  suroutines  in  MTM 


which  handle  unit  movement.  These  subroutines  are  MOVORDER,  MOVNXT  and 


MANEUV.  The  flow  chart  for  the  overall  logic  of  movement  in  MTM  is 


given  in  appendix  l.a.  Flowcharts  for  the  major  movement  subroutines 


are  in  appendix  lb. -Id.  In  general,  the  movement  logic  works  as 


follows.  The  commander  inputs  a  movement  order.  This  order  is 


determined  by  the  key  word  move  to  be  a  movement  order  and  control  of 


the  program  transfers  to  MOVORD.  In  MOVORD  the  model  determines  if  the 


order  is  a  valid  movement  order.  If  it  is  valid,  the  subroutine 


creates  a  dummy  location  for  the  unit  being  moved  and  moves  it  to  its 


destination  ignoring  battle  conditions  in  order  to  determine  an 


estimated  arrival  time,  which  it  transmitted  to  the  commander.  MOVORD 


calls  MOVNXT  to  determine  the  first  hex  the  moving  unit  will  be  moving 


into  and  calculates  the  time  the  unit  will  arrive  in  the  next  hex. 
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fourth . 


Desires  of  The  Commander 


If  a  commander  wishes  to  push  his  men  to  their  fullest  capability,  he 
can  do  it.  It  will  however  have  an  effect  on  morale  and  safety.  If  a 
commander  wants  to  get  from  point  A  to  point  B  as  fast  as  possible  he 
will  have  to  pay  the  price.  On  the  other  hand,  if  their  is  no  urgency, 
a  commander  can  move  at  a  steady  orderly  pace  and  make  it  to  his 
destination  with  troops  that  are  mentally  and  phisically  prepared  to 
fight.  MTM  allows  a  player  to  set  the  speed  for  a  unit  and  it  will 
move  the  unit  at  that  speed  so  long  as  it  does  not  exceed  the  maximum 
speed  adjusted  for  terrain  ,  barriers,  day  or  night  effects  and 
weather.  MTM  does  not  penalize  a  unit  that  moves  at  its  maximum  speed. 


Maximum  Speed 


It  is  evident  from  the  above  analysis  that  the  movement  rates  in  MTM 
are  very  dependent  on  the  values  assigned  for  maximum  speeds  and  the 
variuos  modifying  factors.  Maximum  speeds  in  the  current  West  Point 
Nato  data  base  range  from  6  to  10  MPH.  There  is  no  documentation 
available  showing  how  these  values  or  the  modifying  factors  were 
arrived  at. 
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Note  that  the  terrain  code  used  is  that  of  the  hex  being  entered. 


Weather 


Weather  can  have  a  number  of  substantial  effects  on  a  unit.  It  can 
effect  morale,  vehicle  reliability,  traf ficability  and  visibility  all 
of  which  can  cause  changes  in  a  unit's  movement  rate.  In  addition,  it 
is  not  only  the  current  weather  wich  will  effect  movement.  The  weather 
for  the  past  few  days  or  weeks  may  have  made  significant  changes  to  the 
trafficabilty  of  the  soil  which  would  not  be  expected  if  only  the 
current  weather  were  observed.  MTM  models  three  types  of  weather; 
clear,  rain,  fog/ snow.  Temperature  effects  are  not  modeled.  Neither 
are  the  effects  of  long  periods  of  rain  or  snow.  MTM  models  the 
effects  of  weather  by  modifying  a  units  maximum  speed  by  a  weather 
factor.  The  weather  factors  are  given  in  Table  5.  To  get  a  units  new 
speed  after  adjusting  for  weather,  MTM  divides  the  units  max  speed  by 
the  weather  factor. 


Day/Night 


The  effects  of  day  or  night  on  a  units  movement  rate  are  primarily 
caused  by  changes  in  visibility.  Reduced  visibility  will  have  varying 
effects  depending  on  the  terrain  and  proximity  to  the  enemy.  MTM 
models  the  effects  of  night  on  a  unit's  speed  by  cutting  it  by  a 
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MTM  Barrier  Codas  and  Factors 


Code 

Barrier  Type 

Traffic  Factor 

1 

Open 

1.0 

2 

River 

3.0 

3 

Bridge , Tunnel , Poor 

road  .50 

4 

Road 

.35 

5 

Road 

.50 

6 

Undefined 

- 

7 

Wadi 

3.0 

8 

Ditch 

3.0 

9 

Impassible 

99999. 

Table  3. 


MTM  Terrain  Codes 

Code 
1 
2 

3 

4 

5 

6 

Table  4. 


Terrain  Type 

Open 

Forrest 

Urban 

Mountain 

Water 
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associated  with  the  terrain  type  the  unit  ie  moving  through.  The  exact 
time  calculation  will  be  discussed  in  the  next  section  on  the  effects 
of  terrain  on  movement. 


Ground  Trafficability 


Different  units  are  able  to  traverse  different  terrain  types  at 
different  rates.  Mechanized  units  move  very  well  on  well  paved  roads 
or  hard  soil,  but  they  are  severely  hampered  by  things  such  as  swamps, 
forests,  mountains,  cities,  sand  or  mud.  Leg  Infantry,  although  also 
hampered  by  these  terrain  types,  is  not  hampered  to  anywhere  near  the 
same  extent.  MTM  does  model  the  fact  that  different  terrain  types 
impede  movement  to  different  extents,  but  it  does  not  model  the  fact 
that  different  unit  types  perform  differently  in  the  same  terrain. 

MTM  currently  models  five  terrain  types.  These  terrain  types  and  there 
associated  codes  are  listed  in  Table  4.  MTM  uses  the  terrain  code  and 
the  traffic  factor  between  hexes  to  determine  the  time  it  will  take  a 
unit  to  move  between  the  two  hexes,  given  a  units  speed  on  open  ground. 
The  units  speed  on  open  ground  is  determined  by  the  factors  which  will 
be  discussed  in  the  next  few  sections.  The  equation  for  calculating 
the  time  to  move  between  two  hexes  is> 

If  there  is  a  bridge  or  road  between  the  two  hexes 
Travel  Time  ■  Hexsize/( (Traffic  Factor  +  .02)* Speed) 

Otherwise 

Travel  Time  ■  Hexsize/( (Traffic  Factor  *  Terrain  Code  +  .02)*Speed) 
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Obstacles 

Natural 

River 

Swamp 

Ravine 

Dense  Vegetation 
Wadi 

Nan  Made 

Abatis 
Tank  Ditch 
Barbed  Wire 
Mine  Field 


Table  2. 
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While  moving  from  one  location  to  another,  a  unit  will  encounter  many 
obstacles.  Some  of  the  obsltacles  will  be  manmade  and  others  will  be 
natural.  In  either  case  the  unit's  movement  rate  will  be  slowed  down 
as  the  unit  either  clears  the  obstacle  or  goes  around  it.  The  ability 
of  a  unit  to  clear  or  breach  an  obstacle  is  a  function  of  its  engineer 
assets.  MTM  does  not  account  for  the  differences  in  engineer  assets 
between  various  units. 


Natural /Enemy  Obstacles 

As  has  already  been  stated,  MTM  does  not  account  for  the  differing 
ability  of  variuos  types  and  size  units  to  overcome  obstacles.  It  does 
however  model  the  fact  that  obstacles  do  exists  and  that  they  do  slow 
down  movement .  Table  2  lists  some  of  the  possible  obsticles  that  a 
unit  could  come  up  against.  MTM  has  two  different  ways  of  modeling 
obstacles.  One  method  is  for  mine  fields  and  the  other  method  is  for 
all  other  types  of  obstacles.  MTM  models  the  effects  of  mine  fields  by 
adding  a  random  time  delay  on  to  a  unit  entering  a  mined  hex. 
Currently,  the  time  delay  for  any  unit  entering  a  mined  hex  is  a  random 
number  between  two  and  four  hours.  MTM  models  all  other  obstacle 
effects  by  assigning  each  hexside  a  barrier  code.  MTM  uses  this  code 
to  record  the  existance  of  any  natural  or  manmade  features  which  would 
either  impede  or  aid  movement  between  hexes.  The  features  currently 
modeled  by  MTM  and  there  codes  are  listed  in  Table  3.  Also  listed  in 
Table  3  is  a  traffic  factor  for  each  barrier  type.  The  traffic  factor 
is  used  to  calculat  the  time  it  takes  for  a  unit  to  move  from  one  hex 


to  another.  Also  involved  in  this  calculation  is  a  terrain  factor 
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does  not  Check  for  ports  or  airstrips  at  the  units  destination.  MTM 
does  not  model  rail  transportation. 


NBC  Conditions 


Under  nuclear  chemical  or  biological  conditions  a  unit's  movement  will 
be  8 lowed  down  by  due  to  the  fact  that  troops  will  be  foced  to  don 
protective  gear  and  mechanized  units  will  travel  buttoned  up.  Delay 
will  aslo  occur  While  units  are  being  decontaminated.  On  the  other 
hand/  troops  will  have  a  tendancy  to  move  as  fast  as  they  can  through 
the  contaminated  area,  even  if  this  exceeds  the  movement  rate  set  by 
the  commander.  MTM  models  NBC  conditions  by  adding  a  random  time  delay 
on  to  a  unit  moving  into  a  contaminated  hex.  For  a  nuclear  hex  the 
delay  is  a  random  number  between  .5  and  1.5  hours,  and  for  a  chemical 
or  biologcal  hex  the  delay  is  a  random  number  between  2  and  4  hours. 
These  delays  are  for  hexes  which  are  ten  miles  across. 


Vehicle  Velocity 

There  is  no  need  to  discuss  the  role  vehicle  velocity  plays  in 
determining  movement  rates.  MTM  accounts  for  vehicle  velocities  in  the 
maximum  speeds  that  it  sets  for  each  unit. 


Engineer  Assets 
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When  a  unit  is  on  the  move  ,  vehicles  will  break  down.  When  a  vehicle 
breaks  down,  at  a  minimum,  time  will  be  lost  as  men  and  equiptment  are 
transferred  from  the  down  vehicle  to  operational  vehicles.  If  the 
breakdown  occurs  in  relatively  tight  terrain,  such  as  in  a  forrest  or 
in  the  mountains,  and  it  is  difficult  or  impossible  for  other  vehicles 
to  go  around  the  obstruction,  then  delay  will  be  even  greater.  In  the 
worst  case,  the  failure  has  occured  in  a  vehicle  .critical  for  the 


accomplishment  of  the  mission.  The  unit  must  then  wait  for  it  to  be 
repaired  or  for  a  replacement  to  arrive.  The  rate  of  vehicle  failure 
increases  with  the  amount  of  time  the  unit  has  been  on  the  move.  While 
a  unit  is  moving,  there  is  little  time  for  proper  PMCS.  Even  when 
there  is  sufficient  time,  the  conditions  may  not  be  condusive  to  PMCS 
being  done  properly.  As  a  result  of  insufficient  maintainance, 
vehicles  will  break  down  with  increased  frequency.  MTM  does  model 
vehicle  failure.  It  does  this  by  reducing  a  units  strength  every  time 
it  changes  hexes.  The  unit's  strength  is  reduced  by  .00005  percent  at 
every  hex.  This  amount  does  not  increase  with  the  amount  of  time  the 
unit  has  been  moving.  MTM  does  not  model  the  effect  of  vehicle 
failures  on  movement  rate. 


Mode  Of  Transportation 


In  warfare,  a  commander  does  not  always  have  to  move  his  unit  to  battle 
under  its  own  power.  He  may  instead  put  it  on  ships,  trains  or  planes. 
MTM  allows  players  to  sealift  and  airlift  units.  It  allows  them  to  do 
this  substantially  more  than  would  be  the  case  in  reality  because  it 
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I  feel  It  would  be  reasonable  to  assume  that  as  the  size  of  a  unit 


increases,  its  efficiency  decreases.  A  squad  leader  has  direct  control 


over  all  of  his  men.  When  he  makes  a  decision  there  is  very  little 


time  lag  before  his  men  begin  to  carry  it  out.  A  platoon  can  only  be 


as  efficient  as  its  best  squad.  In  reality  it  will  be  even  less 


efficient  because  there  is  delay  between  the  platoon  leader  telling  the 


platoon  sargeant  what  he  wants  and  the  platoon  sargeant  telling  the 


squad  leaders.  In  addition  platoon  activities  take  more  planning  than 


those  of  a  squad.  More  time  lag  is  added  when  different  subunits  must 


coordinate  with  one  another.  This  is  especially  the  case  when  some 


tasks  must  be  completed  before  others  can  even  be  begun.  This 


inefficiency  multiplies  as  the  number  of  sub-units  in  an  organization 


increases.  Even  at  the  same  oganizational  level,  different  units  have 


different  efficiencies.  Part  of  these  differences  may  be  accounted  for 


in  the  ability  of  the  commander  and  his  staff  and  some  may  be  accounted 


for  in  the  different  organizations  and  missions  of  the  various  units. 


When  given  an  order  to  move,  there  will  be  a  time  delay  before  a  unit 


actually  begins  to  move.  This  time  delay  is  a  function  of  the  units 


efficiency.  MTM  does  not  take  efficiency  into  account  when  it 


determines  how  quickly  a  unit  responds  to  a  movement  order.  A  unit’s 


size  will  also  have  a  direct  effect  on  movement  rate  because  bottle 


necks  on  the  route  of  advance  will  have  a  greater  effect  on  large  units 


than  on  small  units.  If  MTM  accounts  for  size  and  efficiency  at  all 


then  it  is  in  an  aggregate  manner  in  the  values  given  for  a  units 


raximum  speed.  These  values  will  be  discussed  later. 


Vehicle  Reliability 


w 
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Factors  Effecting  Movement  Rate 
Ground  Slope 
Unit  Size/Efficiency 
Vehicle  Reliability 
Mode  of  Transportation 
NBC  Conditions 
Vehicle  Velocity 
Engineer  Assets 

Natural /Enemy  Obstacles 
Ground  Traf ficability 
Weather 
Day/Night 

Desires  of  Commander 


Table  1 
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I.  INTRODUCTION. 

The  McClintic  Theater  Model  (MTM)  has  been  the  subject 
of  the  USMA  And  Army  War  College  (AWC)  Model  Validation 
Program  (MVP).  The  purpose  of  MVP  is  to  assist  the  AWC  in 
providing  combat  model  users  with  "confidence  statements" 
about  the  outcomes  obtained  from  MTM.  This  particular 
project  is  intended  to  allow  a  historically  based 
investigation  of  the  validity  of  the  MTM  model.  This  is  to 
be  accomplished  by  the  Department  of  History,  whose 
researchers  will  attempt  to  re-enact  the  Battle  of  Kharkov. 

I.  [ROELEM  STATEMENT. 

My  contribution  to  this  portion  of  the  MVP  involved  two 
major  tasks.  The  first  task  was  to  make  the  necessary 
software  modifications  to  the  game  to  allow  the  History 
department  researchers  to  simulate  the  Kharkov  battle.  The 
second  task  was  to  assist  the  History  department  researchers 
in  running  the  game,  obtain  feedback  from  them  on  the  games 
accuracy  and  make  any  modifications  to  the  game  that  they 
believe  will  allow  it  to  more  closely  simulate  World  War  II 
conditions. 

III.  SOFTWARE  MODIFICATIONS. 

The  first  task  required  two  major  actions:  prepare  a 
properly  formatted  database  for  the  Kharkov  battle  and  then 
modify  the  game  to  accept  this  database  if  necessary.  These 
tasks  have  been  successfully  completed. 

Maj.  Stille,  USAF,  and  MAJ  Hendrix  were  responsible 
for  gathering  the  data  for  the  Kharkov  terrain  data  base. 


MORRIS,  J.S 


2 


This  data  was  based  on  information  obtained  from  World  War 
II  era  maps  of  the  Kharkov  area.  The  terrain  data  consisted 
of  two  elements  for  each  hex.  These  were  the  barrier  data 
for  each  hexside  and  the  terrain  value  for  the  hex.  A 
comparison  of  their  barrier  and  terrain  designations  and  the 
MTM  game's  own  designations  is  given  along  with  their 
traf f icablity  effects  in  figure  1 .  This  data  was  then 
placed  into  a  file  giving  the  hex  designation,  terrain  value 
and  the  barrier  data  for  each  hex. 

My  task  was  to  reformat  this  data  into  the  form 
acceptable  to  the  MTM  program.  However,  before  this  could 
be  done,  I  had  to  fill  in  missing  hexes  in  order  to  form  a 
rectangular  map.  Rather  than  fill  these  hexes  with 
arbitrary  values,  I  developed  a  reformatting  program  called 
SECOND. F77  that  would  create  the  missing  hexes  by  copying 
data  from  the  hex  immediately  to  the  south.  The  SECOND 
program  produced  the  data  for  a  42  (E-W)  by  48  (N-S)  hex 
grid.  The  code  for  the  SECOND. F7 7  program  is  included  in 
ANNEX  A. 

MAJ  Bonin  of  the  Department  of  History  was  responsible 
for  providing  the  unit  data.  His  information  was  based  on 
three  publications  from  the  World  War  II  era.  These 
references  were:  FM  105-5  Maneuver  Control,  TM  30-430 
Handbook  on  USSR  Forces  and  TM  30-451  Handbook  on  German 
Forces .  The  number  of  each  type  of  weapons  system  in  a 
particular  type  of  unit  such  as  a  Rifle  brigade  was 
determeined  from  the  Handbook .  Each  weapon's  relative 
effectiveness  was  referenced  in  FM  105-5  and  multiplied  by 


MORRIS/  J.S. 


3 


the  number  of  weapons.  The  sum  of  these  products  was  the 
generic  unit’s  firepower  score.  The  Unit  strength  was  the 
firepower  score  divided  by  1000.  A  particular  unit°s 
strength  was  the  generic  strength  times  the  percent  strength 
of  the  particular  unit. 

The  artillery  units  damage  per  volley  was  determined  by 
using  the  product  of  the  number  of  tubes  in  the  unit  and  the 
weight  of  each  shell.  This  product  was  used  in  a  formula 
developed  by  COL  Otipuy  USA  (ret.)  to  determine  the  number 
of  casualties  produced.  The  number  of  vollies  was  the 
ammunition  tonnage  on  hand  divided  by  the  tonnange  fired  per 
volley.  The  supply  of  direct  fire  ammunition  was  simply  the 
total  of  the  number  of  weapons  times  the  ammunition  carried 
per  weapon  in  tons. 

The  movement  rates  were  based  on  data  provided  in  the 
TMs.  The  rates  were  a  comnpromise  between  these  rates  and 
the  rates  given  in  the  MTM  Players  Guides.  Large  unit’s 
were  given  slightly  slower  movement  rates  to  simulate  the 
increased  logistical  tail  and  the  fact  that  not  every  one  is 
in  the  same  kind  of  vehicle  or  even  has  a  vehicle. 

The  data  for  each  unit  had  to  be  loaded  into  the 
computer  and  properly  formatted.  The  data  was  manually 
loaded  into  the  computer  and  was  automatically  formatted 
using  the  FIRST. F77  program.  This  program  code  is  listed  in 
ANNEX  B.  The  data  for  all  155  units  in  the  game  was  entered 
using  the  FIRST  program. 

The  total  Kharkov  database  was  created  by  combining  the 

terrain  data  with  the  unit  data.  Hexsize  data  was  copied 
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from  the  NATO  data  base  and  globally  changed  to  5  miles. 
The  default  values  for  game  parameters  such  as  the 
probability  of  certain  type  of  weather  or  the  time  that 
logistics  or  intelligence  reports  are  issued  were  copied 
from  the  NATO  database.  The  major  differences  in  the 
configuration  of  the  two  databases  was  the  use  of  184 
instead  of  306  rows  of  terrain  and  barrier  data  (a  result  of 
the  smaller  size  of  the  Kharkov  hexgrid),  and  the  fact  that 
only  155  units  were  included  instead  of  300. 

These  differences  along  with  the  fact  that  the  History 
department  did  not  include  the  first  10  hex  rows  in  its 
grid,  required  that  the  game  be  modified  slightly.  The 
modifications  required  were  relatively  simple.  In  the  INITL 
and  UPDATE  subroutines,  the  format,  read  and  write 
statements  had  to  be  changed  to  account  for  the  fact  that 
only  155  units  were  in  the  data  base  and  the  Hex  grid  was  a 
42  by  48  rather  than  a  41  by  82  matrix.  The  changes  were 
simply  the  direct  substitution  of  155,  42  and  48  for  every 
reference  to  300,  41  and  82  respectively  in  the  read  and 
write  statements.  The  format  statements  were  modified  by 
substituting  155  and  184  for  300  and  306  in  these 
statements.  In  all  of  the  subroutines,  wherever  the  was  a 
reference  to  a  particular  hex,  all  references  to  the  north 
south  row  were  changed  from  NS/2  +1  to  (NS-10)/2  to  account 
for  the  fact  that  rows  1-10  are  nonexistent.  The  NS 
variables  were  change  by  locating  every  NS  type  variable. 
These  variables  included  NS(I),  NSDEST(I),  NSFIRE(I), 
NWT ( I ) , NSNXT  and  NSNEXT(I).  The  (I)  is  the  subscript  for 
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the  array  and  is  the  unites  ID  number. 

The  new  data  base  was  tested  in  the  modified  game.  The 
game  accepted  the  database  without  any  problems.  The  game 
was  then  available  for  play  testing. 

The  initial  modifications  to  the  game  also  included 
eliminating  the  defensive  posture  bias  favoring  red  units 
and  making  air  attack  damage  a  function  of  the  particular 
aircraft  type.  The  posture  bias  involves  the  combat 
subroutine  which  puts  the  red  units  in  a  given  posture 
sooner  than  a  blue  unit.  This  is  unacceptable  given  the 
qualitative  superiority  of  the  German  (blue)  units  over  the 
Soviet  (red)  units  during  World  War  II.  This  was  remedied 
by  making  the  posture  determinations  the  same  for  both 
sides.  The  air  attack*  damage  assessment  was  modified  by 
making  the  game  reference  the  DAMVOL(I)  variable  to  read  the 
damage  done  per  sortie  by  the  particular  unit  making  the 
attack.  The  game  originally  used  a  set  percentage  to  assess 
the  damage. 

IV.  TESTING  AND  DEBUGGING  THE  PROGRAM. 

Once  the  database  was  prepared  and  the  game  was 
modified,  the  next  step  was  to  have  the  D/Hist  researchers 
play  the  game.  This  has  yet  to  happen.  The  reason  for  this 
is  that  the  time  that  was  to  be  devoted  to  playing  the  game 
was  instead  spent  debugging  the  program.  The  problems 
encountered  were  that  the  game  developed  subscript  errors 
anytime  a  move  movement  order  was  given.  With  the 
assistance  of  Mr.  Don  Leech  of  ACD,  I  was  able  to  trace  the 
problem  to  the  TRAFIC  function  and  make  a  quick  fix  to 
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prevent  the  IDIGIT  variable  from  being  zero.  In  that  event 
IDIGIT  would  be  reset  to  one.  Then  the  game  would  not 
execute  movement  orders.  Instead  it  would  give  the  unit  "is 
confused  as  to  best  path-  give  intermediate  destination" 
message.  This  occured  even  when  the  order  was  to  move  to  an 
adjacent  hex. 

This  problem  proved  impossible  for  me  to  correct  within 
the  time  remaining  in  the  semester.  I  made  a  temporary  fix 
know  as  the  "Shortest  Path  Algorithm"  to  allow  units  to  move 
directly  toward  its  destination  if  it  is  within  six  hexes 
east-west  and  north-south  of  its  destination.  This 
modification  is  listed  as  figure  2.  With  this  Algorithm  in 
place,  the  game  is  now  operational. 

V.  RECOMMENDATIONS  FOR  FUTURE  RESEARCH. 

The  major  road  block  to  future  progress  of  the  MVP  is 
the  lack  of  an  operational  source  file  for  the  game.  The 
seg  file  is  operational  but  it  cannot  be  modified.  Also  the 
current  source  files  may  not  be  what  the  seg  file  contains. 
This  may  invalidate  the  results  of  code  analysis. 
Therefore,  a  top  priority  should  be  to  locate  every  copy  of 
the  MTM  source  code  on  disk  or  tape.  Then  every  one  should 
be  tested  until  the  operational  source  code  is  located. 
This  will  make  life  much  easier  in  the  future. 

If  the  operational  source  code  is  not  located,  then  the 
current  MTMALL  must  be  debugged.  I  would  suggest  that  a  two 
person  team  should  be  used  to  accomplish  this  task.  One 
person  should  be  expert  at  Fortran  programming  and  on  using 


the  Prime  computer,  while  the  other  one  should  be  familiar 
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with  how  MTM  is  supposed  to  function. 

Until  an  MTM  source  file  becomes  operational,  the  MVP 
will  be  dead  in  the  water.  The  source  file  must  completely 
match  the  seg  file  or  it  will  be  impossible  to  modify  MTM. 
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FIGURE  1 

TERRAIN  AND  BARRIER  DATA 


TERRAIN 

VALUE  MTM  TYPE  KHARKOV  TRAFFIC 

1  OPEN  OPEN  1.0 

2  URBAN  VILLAGE  3.0 

3  CITY  BUILT  UP  3.0 

4  -  CITY/URBAN  4.0 

5  MOUNTAINOUS  HILLS/DESERT  5.0 

6  -  FOREST/SWAMP  6.0 

7  -  ROUGH  HILLS  7.0 

9  -  MOUNTAIN  9.0 


BARRIERS 

VALUE  MTM  TYPE  KHARKOV  TRAFFI CABI LI TY 

1  NO  BARRIER  NO  BARRIER  1.00 

2  RIVER  RIVER  3.00 

3  BRIDGE  BRIDGE  0.5 

4  ROAD  ROAD  0 . 5 

5  -  SWAMP  0.33 

6  -  -  0.75 

7  WADI  -  3.00 

8  AT  DITCH  AT  DITCH  3.00 

9  IMPASSIBLE  IMPASSIBLE  99999.00 
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READ (*,307)  SPDMAX ( I > 

107  FORMAT (F7.2) 

207  FORMAT (F7. 2) 

307  FORMAT <F7. 1 ) 

WRITE(*» 108) 

108  FORMAT ( "ENTER  RANGE,  AIRSPEED  AND  ATTACK  TYPE.') 

READ (*,109)  RANGE ( I ) 

READ (*» 309)  AIRSf>D(I) 

READ (*,209)  ATYPE(I) 

109  FORMAT (F7. 1 ) 

309  FORMAT ( F7 . 1 ) 

209  FORMAT (A7> 

WRITE(*. 110) 

110  FORMAT ('ENTER  THRESHOLD,  EW  LOG.  AND  NS  LOC.') 

READ<*, 111)  THRESH ( I ) 

READ(«,211)  EW( I ) 

READ(*, 311)  NS( I ) 

111  FORMAT (F7. 2) 

211  FORMAT ( A2 ) 

311  FORMAT (13) 

EUNEXT ( I )*EW( I ) 

NSNEXT ( I ) »NS ( I ) 

EVIDEST  ( I  >  *EW  ( I ) 

NSDESTd)-NS(I) 

EWFIRE(I)*EW(I> 

NSF I RE ( I ) «NS ( I ) 

30  CONTINUE 

C  THIS  SECTION  WRITES  THE  DATA  TO  THE  FILE. 

200  FORMAT ( A4, 13, A10, 2A5, A18, 5F7. 1/  12F6.0/  2F7. 2, 13, 4F7. 1 , A10, A7, 13, 
12F7.2/ 

13F7. 2, A2, 13, A2, 13, A2, 13, A2, 13/) 

DO  300  L-M,N 

WRITE( 10, 200)  UNITCL(L) , NUNIT(L) * UNITYP(L) , SUBTYP(L) , SIZE(L) , 
1NAME(L) ,PGINTS(L) , PERCNT(L) , TOEPER(L) , PERSON(L) ,CARRY(L> , 

1 SUPPLY ( L , 1 ) , SUPPLY ( L , 2 ) , SUPPLY (L, 3) , SUPPLY ( L , 4 ) , SUPPLY ( L , 5 ) , 
1SUPPLY(L,8),SUPPLY(L,7),SUPPLY(L,8),SUPPLY(L,9),SUPPLY(L. 10), 

1 SUPPLY ( L , 1 1 ) , SUPPLY (L, 12) , AIRCFT (L) , DAMVOL (L) , NUMVOL (L) , SPDMAX ( L ) 
1 SPEED (L) , AIRSPD (L) , RANGE (L) , POSTUR (L) , ATYPE (L) , ESCORT (L) , TSEAD ( L ) 
lTHRESH(L) , ARTIME(L) , TJUMP(L) ,TFIRE(L)»EW(L), NS(L) , EWNEXT(L) , 

1 NSNEXT (L) , EWDEST (L) , NSDEST (L) , EWFIRE(L) , NSF I RE ( L ) 

WRITE(*, 200) 

300  CONTINUE 

WRITE(*»  400) 

400  FORMAT ( ' I  AM  FINISHED.') 

END 


C  INPUT  THE  DEFAULT  VALUES 
DO  10  K* 1,300 
DO  20  J-1,12 
SUPPLY <K, J> -9999 
20  CONTINUE 

PERCNT (K)*100. 00 
T0EPER(K>-10000.0 
PERSON (K) *10000.0 
CARRY ( K  >  *  10000.0 
ESCORT  ( K  >  *  O 
TSEAD(K)*  0.0 
THRESH (K >*0.0 
ARTIME<K)»0. O 
T  JUMP ( K )  *9999 . 9 
TFIRE(K>*9999.9 
POSTUR(K)*'  INPOSITION'' 

10  CONTINUE 

WRITE (*, 90) 

90  FORMAT < 'ENTER  THE  FIRST  UNIT  NUMBER  AND  THE  LAST  NUMBER. ' > 
READ (*,91>M,N 

91  FORMAT ( 13, I3> 

C  INTERACTIVE  INPUT  SECTION 
WRITE (*, 92) 

92  FORMAT ( '  ENTER  THE  DATA  ONE  ITEM  AT  A  TIME.') 

DO  30  I-M,N 
WRITE(*» 100) 

100  FORMAT ('ENTER  UNIT  COLOR, UNIT  NUMBER,  AND  UNIT  TYPE') 

READ ( * » 101)  UNITCL(I) 

READ (*,201)  NUNIT(I) 

READ ( * , 30 1 )  UNITYP(I) 

101  FORMAT (A4) 

201  FORMAT (13) 

301  FORMAT (A10) 

WRITE (*, 102) 

102  FORMAT ('ENTER  SUBTYPE,  SIZE  AND  NAME.') 

READ(*, 103)  SUBTYP ( I ) 

READ(*,203)  SIZE(I) 

READ (*,303)  NAME ( I ) 

103  FORMAT (A5> 

203  FORMAT (A5) 

303  FORMAT (A1 8) 

WRITE(*, 104) 

104  FORMAT ('ENTER  THE  POINTS,  SUPPLY  V  AND  AIRCRAFT.') 

READ(*, 103)  POINTS ( I ) 

READ(*,205>  SUPPLY < 1, 5) 

READ(*, 305)  AIRCFT ( I ) 

105  FORMAT  (F7. 1) 

205  FORMAT  (F6.0) 

305  FORMAT  (F7.2) 

WRITE(*» 106) 

106  FORMAT ('ENTER  DAMVOL, NUMVOL  AND  SPDMAX.') 

READ (*,107)  DAMVOL ( I ) 

READ (*,207)  NUMVOL ( I ) 


SLIST  FIRST. F77 
C  DATA  INPUT  PROGRAM 

C 

C  THIS  PROGRAM  ALLOWS  A  USER  TO  CREATE  THE  UNIT  PORTION 

C  OF  AN  MTM  DATABASE. 

* 

C  DIMENSION  VARIABLES 

COMMON  /TERAIN/  TER<82,55),  BAR<82,55),  BARIER<9) 

COMMON  /UNIT/NUNIT (300)  ,NAME(300)  >  UNITYPOOO) « UNITCLOOO)  ,EW(300) , 

1  NS  (  300 ) ,  ART I ME  <  300 ) , PERCNT  <  300 ) , POINTS ( 300 ) , SPDMAX  <  300 ) , 

2  POSTUR  <  300 ) , EWDEST  <  300 ) , NSDEST <  300 ) , T JUMP ( 300 ) , EWNEXT < 300 ) . 

3  NSNEXT ( 300 ) , SPEED ( 300 ) , NUMVOL ( 300  > , RANGE ( 300 ) » WARN ( 300 ) , 

4  TSEAD ( 300 ) , ATYPE ( 300  > , ESCORT ( 300 ) , THRESH  <  300 ) , A I RSPD  <  300 ) , 

5  SUBTYP ( 300 ) , SI ZE ( 300 ) , TOEPER ( 300 ) , PERSON ( 300 ) , CARRY ( 300 ) , 

6  SUPPLY < 300 s 12) , AIRCFT (300>  ,  DAMV0L(300) ,TFIRE(300) ,EWFIRE(300) , 

7  NSF I RE  <  300 ) , OR I ENT  <  300  > , ETA  <  300 ) , TBUSY ( 300  > , PROTECT ( 300 ) 

COMMON  /OTHER/NUMBER, AST I ME* FACTOR*  SUNR IS, SUNSET, BCLOCK* 

+  D I MEW  *  D I MNS *  D I MUNT  *  T I TLE , EW J AMR , 

1  EW JAMB , EW I NTR , EW I NTB *  POLCON , POLSOR , AMOSOR , AMOVOL , BATT I M , NBATL , 

2  NUCBLU * NUCRED * ICHEMB, ICHEMR, DAYNIT, WX, WXFACT, WXTIME,PF0G(4) * 

3  PRAIN( 4 ) , PDDCLR, PDDFOG, PDDRAN, PDNCLR, PDNFOG, PDNRAN, TRACE, 

4  TIMEL, TIMLST , TIMLOG, BLUNAT, REDNAT, BNATIN, BNATD, BNATPD, BNATPI , 

5  BNATPA, RNATIN, RNATD, RNATPD, RNATPI , RNATPA.HEXSIZ  < 164) , NBINIT, 

6  FRTALY ( 30 ) , NUCH, EWCHG, NSCHG, UNITCH, IDLECLt 12) , MOVECH 12) , 

7  MODECL (12), COMBCL (12), SEED 

# 

CHARACTER* 2  EW, EWDEST , EWFIRE , EWNEXT , EWCHG, ORIENT 

CHARACTER*4  UN I TCL , DA YN I T 

CHARACTER*5  SUBTYP, SIZE 

CHARACTER*7  ATYPE 

CHARACTER*©  DAY.WX 

CHARACTER* 1 O  UN I T YP , POSTUR 

CHARACTER* 18  NAME 

CHARACTER*24  FORMT , FORMB 

CHARACTER*80  TITLE 

CHARACTER* 108  FORMU 

DIMENSION  DUMMY (4), RUMMY (4) 

INTEGER  ESCORT, DIMEW, DIMNS.DIMUNT 
CHARACTER*3  STAX 
CHARACTER*5  FILE 

LOGICAL  WARN, EX2 

C  OPrN  THE  FILE 

INQUIRE<FILE«'UDATA',EXIST-EX2) 

IF  (EX2)  THEN 
STAX* 'OLD' 

ELSE 

STAX- 'NEW' 

END  IF 


r 


C  WRITE  SECTION 

C  Writes  the  data  in  the  matrix  format. 

WRITE (&» 200) <  (TER(2*K+9+(l+(-l)**J>/2, J>,K«1,48>, J-1,42). 

1  ( RUMMY ( M ) » M=  1,8),  ( ( BAR < 2*K+9+ < l+(-l  )**J> /2,  J) .  K-l ,  48) ,  J-l  *  42) , 
2 ( DUMMY  ( M ) » M* 1 , 8 ) ,  N 

200  FORMAT (184(1 1F6. 2/ ) , 184( 1 1F7 . 0/ > , 13/ > 

END 

OK,  ' 


SL'SST  "SECOND  .'F77 
C  DIMENSION  SECTION 

I NTEOER  NS ( 1 08 ) , TER (108,42). BAR (108,42), RUMMY ( 8 ) , DUMMY ( 8 ) 

I NTEGER  TNS , TTER , TBAR , FLAG , RAG 
CHARACTER  EW ( 42 ) *2 , TEW* 2, COMMA* 1 

C  FILE  SECTION 

OPEN  ( 5 , F I LE-  '  K . DATA " , STATUS* ' OLD ' ) 

OPEN  (6, FI LE- " TDATA . KHAR ' , STATUS- ' NEW ' ) 

C  TERRAIN  READ  AND  EXPANSION  SECTION 

C  This  section  reads  the  data  from  Terrain.khar  and  fills  in 

C  representative  terrain  for  missind  hexes.  42(EW)x48(NS) . 

NS( 10)— 10 
NS( 1 1 )— 1 1 
DO  1  J-1,8 
DUMMY (J)=0 
RUMMY (J)«0 

1  CONTINUE 
FLAG-0 
RAG-0 

DO  20  J-1,42 
L«l+(l+( (-1)**J) )/2 
RAG-RAG+1 
DO  10  K-1,48 
I-2*K+8+L 

2  IF  (RAG.EQ.2)  GOTO  40 

IF  (FLAG. EQ. 0)  GOTO  5 
NS ( I ) —NS ( I —2 ) +2 
TER( I , J)»TER( 1-2, J) 

BAR(I, J)*BAR(I-2, J) 

GOTO  10 

5  READ(5, 100)  EW( J) , NS( I ) , COMMA, TER( I , J) .COMMA, BAR( I , J) 
RAG-0 

IF  (NS(I).EQ.I)  GOTO  10 
FLAG-1 
RAG-1 
TNS-NS ( I ) 

TEW-EW(J) 

TBAR-BAR ( I , J ) 

TTER-TER ( I , J ) 

GOTO  2 
40  RAG-0 

EW ( J ) -TEW 
NS ( I ) -TNS 
TER ( I, J) -TTER 
BAR ( I , J ) -TBAR 

WR I TE ( 1 , 1 00 ) EW ( J ) , NS ( I ) , COMMA , TER ( I , J ) , COMMA , BAR ( I , J ) 

10  CONTINUE 
FLAG-0 
20  CONTINUE 

100  FORMAT (A2,I3,A1,I1,A1,I6) 


v 

j*  ■. 


*r*:<r* 


END  IF 

IF  ( ISH0RT.EQ.3)  THEN 
POSTUR(I)»'MOVING  SE  ' 

END  IF 

IF  (ISH0RT.EQ.4)  THEN 
POSTURt  I) -•'MOVING  S  ' 

END  IF 

IF  (ISHORT.EQ.5)  THEN 
POSTUR( I >»" MOVING  SW  ' 

END  IF 

IF  (ISH0RT.EQ.6)  THEN 
POSTUR( I )»" MOVING  NW  ' 

END  IF 

T  JUMP ( I ) - <  HOWFAR ( EW ( I > , NS( I ) , EWNEXT ( I ) » NSNEXT ( I ) )/SPEED< I ) >+TIME 
D I ST -HOWF AR ( EW ( I ) ,NS< I ) , EWNEXT ( I ) , NSNEXT ( I ) ) 

WR I TE ( OUTPUT , 224  >  NUN I T ( I > 

PRINT**  ''SHORTEST  PATH  ALGORITHM  ACTIVATED,  ' 

PRINT*, 'DEST' , EWNEXT ( I ) , NSDEST < I ) 

PRINT*, 'TIME',TJUMP(I) 

PRINT*, 'DISTANCE-', DIST 
PR I NT* , ' SPEED- ' , SPEED  < I ) 

WRITE (OUTPUT, 225) 

224  FORMAT < '  #',I3,'IS  CONFUSED  ON  BEST  PATH-' ) 

225  FORMAT ('UNIT  IS  MOVING  BY  DIRECT  ROUTE') 

f  GOTO  47 

V 


wonoo 


ADDITION  TO  MAKE  UNITS  MOVE  BY  SHORTEST  PATH  IF  REQUIRED 


***********  SHORTEST  PATH  ALGORITHYM  ******************** 

6  I SUMA— I ABS  <  NSDEST ( I ) -NS ( I ) ) 

I PARA*  NEW ( EWDEST ( I ) ) 

IPARB*  NEW ( EW < I ) ) 

I SUMB* I ABS ( I PARA- I P ARB ) 

IF  < I SUM A  .GT.  6  .OR.  ISUMB  .GT.  6)  GOTO  136 
PRINT*, "SPA' 

IF (TYPE  .EQ.  "AIR"  >GOTO  35 
C234567  THIS  CHANGES  EW  NUMBERS  TO  CHARACTERS. 


DATA  EWNM 

/"AA", 

"AB", 

"AC", 

"AD", 

"AE", 

"AF", 

"AG", 

"AH", 

"Al" 

1 

"AJ", 

"AK", 

"AL", 

"AM", 

"AN", 

"AO", 

"AP", 

"AQ", 

"AR" 

2 

"AS", 

"AT", 

"AU", 

"AV", 

"AW", 

"AX", 

"AY", 

"AZ", 

3 

"BA", 

"BB", 

"BC", 

"BD", 

"BE", 

"BF", 

"BG", 

"BH", 

"BI" 

4 

"BJ", 

"BK", 

"BL", 

"BM", 

"BN", 

"BO", 

"BP". 

"BQ"/ 

C  FIND  DIRECTION  OF  TRAVEL. 

EWNEXT  ( I )  -EWNM  ( NEW  <  EW  ( I )  )  - 1 ) 

IEW=-1 

IF (EW ( I ) . EQ. EWDEST ( I ) )  THEN 
EWNEXT ( I ) =EW ( I ) 

IEW*0 
END  IF 

IF (NEW ( EW ( I ) ) . LT. NEW (EWDEST ( I ) ) >  THEN 
EWNEXT ( I ) *EWNM ( NEW ( EWDEST ( I ) ) + 1 > 
IEW»i 
END  IF 

IF  ( NS ( I ) . EQ . NSDEST ( I ) )  THEN 
IF  (EW( I ) . NE. EWDEST ( I ) )  THEN 
NSNEXT ( I )*NS( I )+l 
I SHORT *4— ( 2* I EW ) 

END  IF 
END  IF 

IF  ( NS ( I ) . GT . NSDEST ( I ) )  THEN 
NSNEXT ( I )*NS( I )— 1 
I SHORT-4- I EW 

IF  ( EW ( I > . EQ. EWDEST ( I ) )  THEN 
NSNEXT ( I )— NS< I )— 2 
I SHORT-4 
END  IF 
END  IF 

IF  ( NS ( I ) . LT. NSDEST ( I > )  THEN 
NSNEXT ( I )-NS( I )+l 
I SHORT -4- ( 2* I EW ) 

IF  ( EW ( I ) . EQ. EWDEST ( I ) )  THEN 
NSNEXT ( I ) -NS ( 1 ) +2 
I SHORT- 1 
END  IF 
END  IF 

IF  ( 1 SHORT. EQ. 1 >  THEN 
POSTUR ( I ) - " MOV I NO  N  " 

END  IF 

IF  ( I SHORT. EQ. 2)  THEN 
POSTUR ( I > -"MOVING  NE  " 
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